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April 13, 2009

UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

Before the Atomic Safety and Licensing Board

In the Matter of:

The Detroit Edison Company

(Fermi Nuclear Power Plant, 
 Unit 3)

)    Docket No. 52-033

)

)
 
)

* * * * *

NOTICE OF FILING OF DOCUMENTS IN SUPPORT
OF PETITIONERS’ CONTENTION NO. 2

Notice is hereby given that Petitioners are tendering for record 
the following documents in support of their Contention No. 2 which
were denominated as “attached” to Petitioners’ March 9, 2009 Petition
to Intervene as part of the contentions, but were erroneously not
attached.

> the Comments submitted by Beyond Nuclear, Don’t Waste
Michigan, Sierra Club, and other organizations on February 6,
2009 to the Nuclear Regulatory Commission in the pending "waste
confidence" rulemaking;

> as an attachment to the Comments, the expert declaration of Dr.
Arjun Makhijani, President of the Institute for Energy and
Environmental Research ("IEER"), to which in turn is attached his
curriculum vitae and expert report entitled “Comments of the
Institute for Energy and Environmental Research on the U.S.
Nuclear Regulatory Commission’s Proposed Waste Confidence Rule
Update and Proposed Rule Regarding Environmental Impacts of
Temporary Spent Fuel Storage” (February 6, 2009) (“IEER
Comments”);

> also attached to the Comments, the expert declaration of
Dr. Gordon R. Thompson, Executive Director of the Institute for
Resource and Security Studies (“IRSS”), to which in turn is attached
his curriculum vitae and expert report entitled “Environmental Impacts
of Storing Spent Fuel and High-Level Waste from Commercial Nuclear
Reactors: A Critique of NRC’s Waste Confidence Decision and
Environmental Impact Determination” (February 6, 2009) (“Thompson
Report”).

 /s/ Terry J. Lodge   
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I. INTRODUCTION 

Texans for a Sound Energy Policy, Alliance for Nuclear Responsibility, Beyond Nuclear, 
Blue Ridge Environmental Defense League, C-10 Research and Education Foundation, 
Environmental Coalition on Nuclear Power, Friends of the Earth, Friends of the Coast 
Opposing Nuclear Pollution, New England Coalition, Grandmothers, Mothers and More 
for Safe Energy, Nuclear Information and Resource Service, Nuclear Free Vermont by 
2012, Nuclear Watch South, Physicians for Social Responsibility, Pilgrim Watch, Public 
Citizen, San Luis Obispo Mothers for Peace, the Sierra Club, Southern Alliance for Clean 
Energy, Snake River Alliance, and the Sustainable Energy and Economic Development 
Coalition (collectively “Commenters”) hereby submit comments on the U.S. Nuclear 
Regulatory Commission’s (“NRC’s”) proposed Waste Confidence Decision Update, 73 
Fed. Reg. 59,551 (October 9, 2008) (“Proposed Waste Confidence Decision”); and its 
proposed rule entitled: Consideration of Environmental Impacts of Temporary Storage of 
Spent Fuel After Cessation of Reactor Operation, 73 Fed. Reg. 59,547 (October 9, 2008) 
(“Proposed Temporary Storage Rule”).1   

These comments are supported by two expert declarations and technical reports: 
 

• the expert declaration of Dr. Arjun Makhijani, President of the Institute for 
Energy and Environmental Research (“IEER”), to which is attached his 
curriculum vitae and expert report entitled “Comments of the Institute for Energy 
and Environmental Research on the U.S. Nuclear Regulatory Commission’s 
Proposed Waste Confidence Rule Update and Proposed Rule Regarding 
Environmental Impacts of Temporary Spent Fuel Storage” (February 6, 2009) 
(“IEER Comments”); and  

• the expert declaration of Dr. Gordon R. Thompson, Executive Director of the 
Institute for Resource and Security Studies (“IRSS”), to which is attached his 
curriculum vitae and expert report entitled “Environmental Impacts of Storing 
Spent Fuel and High-Level Waste from Commercial Nuclear Reactors:  A 
Critique of NRC’s Waste Confidence Decision and Environmental Impact 
Determination” (February 6, 2009) (“Thompson Report”).   

 
As discussed below, Commenters believe that the Proposed Waste Confidence Decision 
and the Proposed Temporary Fuel Storage Rule fail to comply with the requirements of 
the Atomic Energy Act (“AEA”) and the National Environmental Policy Act (“NEPA”), 
and therefore should be withdrawn.  The Commission should cease to license the 
operation of any new nuclear power plants or re-license any existing nuclear power plants 
unless and until it is able to make a supportable determination that spent fuel can be 
safely stored and disposed of, and unless and until that determination is made in 
compliance with NEPA.    
 

                                                 
1   Some of the organizations who are participating in these comments have also filed other 
comments, in addition to these comments.   
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II. SUMMARY OF COMMENTS 
 
Almost thirty years ago, the NRC issued its first proposed Waste Confidence Decision, 
concluding that spent reactor fuel could be safely disposed of and that in the meantime it 
could be safely stored at nuclear reactor sites.  Notice of Proposed Rulemaking, Storage 
and Disposal of Nuclear Waste, 44 Fed. Reg. 61,372 (October 25, 1979).  In a companion 
rulemaking, based on a previous Waste Confidence policy decision that spent fuel could 
be safely contained in a bedded salt repository, the NRC made a finding that the health 
impacts of the entire uranium fuel cycle – from uranium mining to spent fuel disposal – 
would have no significant adverse impacts on the human environment.  Final Rule, 
Licensing and Regulatory Policy and Procedures for Environmental Protection; Uranium 
Fuel Cycle Impacts From Spent Fuel Reprocessing and Radioactive Waste Management, 
44 Fed. Reg. 45,362 (August 12, 1979).   
 
The NRC relied on these interdependent generic rules to license a whole generation of 
nuclear power reactors, and has re-licensed many of those reactors for additional twenty-
year terms.  These nuclear power plants have generated a total of 56,000 metric tons of 
spent fuel as of April 2008, and fueling them was responsible for the creation of 300,000 
metric tons or more of depleted uranium tails, for which neither the NRC nor the U.S. 
Department of Energy (“DOE”) has yet found a safe means of disposal.  The DOE 
expects that spent fuel from existing reactors will increase to 119,000 metric tons by 
2035. Meanwhile, at the site of every operating reactor in the United States, spent fuel 
accumulates in high-density fuel storage pools, which the government has admitted are 
vulnerable to catastrophic fire caused by intentional attacks and accidents. In addition, 
thousands of cubic meters of greater than class C (“GTCC”) waste will be generated 
when reactors now in operation are decommissioned.  The amount of GTCC waste will 
be much greater if spent fuel is reprocessed.   
 
For almost thirty years after the Waste Confidence Rule was first proposed in 1979, the 
NRC did not receive any new applications to build or operate new nuclear power plants.  
As of today, however, the NRC now has a significant number of new reactor applications 
before it.  In total, the NRC is considering applications for more than thirty new reactors, 
which together would produce about 30,000 metric tons more spent fuel, assuming the 
plants operate for 40 years, and 45,000 metric tons if they operate for 60 years.  These 
plans would also generate correspondingly large amounts of depleted uranium tails, 
GTCC waste (due to decommissioning and reprocessing), and other radioactive waste. 
Yet, the NRC is no closer to a disposal solution than it was thirty years ago.   
 
As discussed at length in IEER’s Comments, the NRC simply has no technical basis for a 
finding of reasonable confidence that spent fuel can and will be safely disposed of at 
some time in the future.  Therefore, under the Commission’s own standard that “it would 
not continue to license reactors if it did not have reasonable confidence that the wastes 
can and will in due course be disposed of safely,” the Commission must refuse to issue 
new licenses or renew existing licenses for nuclear power plants.  73 Fed. Reg. at 59,552 
(citing 42 Fed. Reg. 34,391, 34,393 (July 5, 1977); Natural Resources Defense Council v. 
NRC, 582 F.2d 166 (2d Cir. 1978)).    
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The NRC’s lack of a basis for any finding of confidence in the technical feasibility of a 
repository also fatally undermines Table S-3 of the NRC’s Uranium Fuel Cycle Rule, 
which depends on the assumption that radioactive releases from a repository will be zero.  
Final Rule, Licensing and Regulatory Policy and Procedures for Environmental 
Protection; Uranium Fuel Cycle Impacts From Spent Fuel Reprocessing and Radioactive 
Waste Management, 44 Fed. Reg. 45,362 (August 12, 1979).   Based on its own 
statement in the 1990 Waste Confidence rulemaking proceeding, the NRC, having 
arrived at a stage where any basis that it may have had for confidence in the safe disposal 
of spent fuel has clearly evaporated, must revisit the basis for Table S-3.  See Review and 
Final Revision of Waste Confidence Decision, 55 Fed. Reg. 38,474, 38,491 (September 
18, 1990) (“Unless the Commission, in a future review of the Waste Confidence decision, 
finds that it no longer has confidence in the technical feasibility of disposal in a mined 
geologic repository, the Commission will not consider it necessary to review the S-3 rule 
when it reexamines its Waste Confidence findings in the future.”)  Certainly, the 
Commission no longer has any basis whatsoever for the principal assumption underlying 
Table S-3, which is that spent fuel can be safely disposed of in a repository, having 
repudiated that assumption in the proposed Waste Confidence Decision.  73 Fed. Reg. at 
59,555.  See also IEER Comments.     
 
In both the proposed Waste Confidence Decision and the Proposed Temporary Fuel 
Storage Rule, the NRC continues to deny that temporary spent fuel storage poses 
significant environmental risks, ignoring a wealth of government reports showing that 
high-density fuel storage pools are vulnerable to catastrophic fires that may be caused by 
accidents or intentional attacks.  Instead of confronting this information in a detailed EIS, 
the NRC calls it a security matter and shrouds it in an unjustifiably broad mantle of 
security-related secrecy.  But the NRC is not entitled to use security concerns as an 
excuse for failing to comply with NEPA.  San Luis Obispo Mothers for Peace v. NRC, 
449 F.3d 1016, 1034-35 (9th Cir. 2006).   
 
In making a finding of no significant impact (“FONSI”) with respect to spent fuel 
storage, the NRC has not even attempted to comply with the NRC’s procedural 
requirements for a FONSI, such as preparing an environmental assessment (“EA”) that 
addresses the purpose of and need for the proposed action and evaluates alternatives to 
the proposed action.  The NRC also violates NEPA by failing to identify the documents 
on which it relies for its decision, and by failing to disclose all portions of its decision-
making documents that are non-exempt under the Freedom of Information Act (“FOIA”).  
San Luis Obispo Mothers for Peace (Diablo Canyon Independent Spent Fuel Storage 
Installation), CLI-08-01, 67 NRC 1, 15-17 (2008) (citing Weinberger v. Catholic Action 
of Hawaii, 454 U.S. 139, 143 (1981)).    
 
Perhaps most importantly, the NRC fails to explain why it is justified in continuing to 
allow licensees to use dangerous high-density fuel storage pools to store spent fuel under 
protective measures whose adequacy is suspect but cannot be publicly verified, when it 
would be possible to virtually eliminate the danger by using low-density pool storage and 
hardened dry storage of spent fuel.  The NRC’s secrecy is unnecessary, corrosive to the 
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NRC’s system of accountability through open decision-making, and potentially 
dangerous because the decision-making process was not only secret but was restricted to 
the NRC and a limited group of individuals with a vested interest in minimizing the cost 
of mitigative measures, i.e., reactor licensees.    
 
The Proposed Waste Confidence Rule and the Proposed Temporary Fuel Storage Rule 
are utterly inadequate to satisfy the requirements of the AEA and NEPA for a generic 
licensing decision for new nuclear power plants.  Any generic decision to allow the 
creation of additional spent reactor fuel and other radioactive waste associated with the 
uranium fuel cycle must be accompanied by thorough, supported, and well-documented 
safety findings; and it must also be accompanied by an environmental impact statement 
(“EIS”) that fully assesses the environmental impacts of the uranium cycle, including 
health and environmental impacts and costs, and that examines a reasonable array of 
alternatives, including the alternative of not producing any additional radioactive waste.   
 
III. DESCRIPTION OF COMMENTERS 
 
The following is a description of the Commenter organizations.  All of the organizations 
are neighbors of existing or proposed nuclear power plants, and most have either 
intervened or plan to intervene in NRC proceedings for the licensing or re-licensing of 
nuclear power plants.   
 
Texans for a Sound Energy Policy (“TSEP”) is a non-profit educational organization 
based in Victoria, Texas whose purpose is to identify and evaluate energy alternatives 
and their environmental, social and economic impacts, including but not limited to 
nuclear power, coal-fired power plants and other energy production facilities.  Because 
Victoria is the proposed site of a new nuclear power plant, TSEP has an interest in 
ensuring that the environmental impacts and safety risks of spent fuel storage and 
disposal, taken together with the other safety and environmental risks posed by a new 
nuclear plant, will be adequately considered by the NRC.    
 
Beyond Nuclear is a national watchdog organization on the nuclear power and 
radioactive waste industries, as well as on the federal government agencies which are 
supposed to protect the public and the environment from the risks of radiation and 
radioactive waste to human health and ecosystems. Beyond Nuclear aims to educate and 
activate the public about the connections between nuclear power and nuclear weapons 
and the need to abandon both to safeguard our future, including on the risks associated 
with the inevitable generation of radioactive waste by the nuclear industry. Beyond 
Nuclear advocates for an energy future that is sustainable, benign and democratic. It is 
headquartered in Takoma Park, Maryland, a Nuclear-Free Zone. 
 
The Blue Ridge Environmental Defense League (“BREDL”) is a 25-year-old regional, 
community-based non-profit environmental organization in the southeastern United 
States, whose founding principles are earth stewardship, environmental democracy, social 
justice, and community empowerment.  BREDL encourages government agencies and 
citizens to take responsibility for conserving and protecting our natural resources.  
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BREDL advocates grassroots involvement to empower whole communities in 
environmental issues.  BREDL also functions as a “watchdog” of the environment, 
monitoring issues and holding government officials accountable for their actions. 

Established in 1991, C-10 Research and Education Foundation’s mission is to monitor 
radiological emissions from the Seabrook nuclear reactor for use in assessing the plant’s 
impact on human health and the environment.  C-10 participated in the licensing 
proceeding for the Seabrook nuclear power plant.    

Don’t Waste Michigan is a state-based organization formed to stop Michigan from 
becoming a nuclear waste dumpsite.    
 
Located in western Pennsylvania, the Environmental Coalition on Nuclear Power 
represents individuals and groups concerned about nuclear power and energy policy.  
Through educational, legal and political activities, the Coalition promotes a safe, non-
nuclear U.S. energy policy.   
 
Friends of the Earth is a leader in climate and energy solutions and in protecting 
human communities from environmental harm.  It is the U.S. voice of an influential 
international network that operates in 70 countries. In South Carolina, Friends of the 
Earth has intervened in the NRC’s licensing proceeding and the state regulatory 
proceeding for the V.C. Summer nuclear power plant.    
 
Friends of the Coast-Opposing Nuclear Pollution is a Maine-based organization 
advocating for nuclear safety, safe storage of nuclear waste, and protection of the human 
environment from nuclear pollution. Friends of the Coast was the only environmental 
advocacy organization actively engaged in the decommissioning of Maine Yankee 
Atomic Power Station (1997-2005) and the only non-governmental organization involved 
in oversight of the Maine Yankee Independent Spent Fuel Storage Installation.    
 
Since 1971, the New England Coalition (“NEC”) has advocated for safe energy in New 
England and has provided education and resources for alternatives to nuclear power. 
NEC has also intervened in numerous NRC licensing proceedings involving the safety 
and environmental impacts of spent fuel storage at New England nuclear power plants.    
 
Based in Atlanta, Georgia, Nuclear Watch South (formerly Georgians Against Nuclear 
Energy) is a regional, volunteer-based non-profit environmental group dedicated to 
phasing out nuclear power plants; abolishing nuclear weapons, safeguarding nuclear 
materials; and establishing ethical social policies for nuclear waste management. 
 
Located in southeastern Massachusetts, Pilgrim Watch is a grassroots organization that 
serves the public interest in issues regarding the Pilgrim Nuclear Power Station in 
Plymouth, Massachusetts. 
 
Public Citizen is a national, nonprofit consumer advocacy organization with over 70,000 
members nationwide.  Public Citizen’s mission is to protect openness and democratic 



6 

accountability in government and the health, safety, and financial interests of consumers. 
Public Citizen advocates for policies that will lead to safe, affordable and 
environmentally sustainable energy.  
 
Grandmothers, Mothers and More for Energy Safety is an action-oriented networking 
organization working for a safe, responsible, renewable energy future and against the re-
licensing of Oyster Creek Nuclear Generating Station in Ocean County, New Jersey. 
 
Nuclear Free Vermont by 2012 is a member organization of people living near the 
Entergy Nuclear Vermont Yankee reactor and waste dump in Vernon, Vermont, whose 
mission is to educate people about how nuclear power affects the health and safety of the 
public.   
 
Nuclear Information and Resource Service (“NIRS”) is a non-profit corporation with 
over 12,000 members across the United States. NIRS has a mission to promote a non-
nuclear energy policy, and a concern for the health and safety of the people and 
ecosphere.    
 
Physicians for Social Responsibility is a non-profit advocacy organization that is the 
medical and public health voice for policies to stop nuclear war and proliferation and to 
slow, stop and reverse global warming and toxic degradation of the environment.   
 
San Luis Obispo Mothers for Peace (“SLOMFP”) is a non-profit organization concerned 
with the risks and hazards connected with the Diablo Canyon Nuclear Power Plant, and 
with the dangers of nuclear power, weapons and waste on national and global levels. An 
all-volunteer non-profit group, SLOMFP has challenged NRC licensing decisions within 
the NRC and in Federal Courts since 1973. 
 
The Sierra Club, the country’s oldest and largest grassroots environmental organization, 
advocates for a safe environment, an enduring legacy for America’s wild places, and 
smart energy solutions that combat global warming and nuclear hazards.   
 
The Southern Alliance for Clean Energy (“SACE”) is a coalition of environmental and 
citizen organizations promoting green energy in the southeastern United States.  SACE 
has intervened in several NRC proceedings for the licensing of new nuclear power plants.    
 
The Snake River Alliance is an Idaho-based grassroots group working through research, 
education, and community advocacy for peace and justice, the end to nuclear weapons, 
responsible solutions to nuclear waste and contamination, and sustainable alternatives to 
nuclear power. 
 
The Sustainable Energy and Economic Development (“SEED”) Coalition is a project of 
Texas Fund for Energy and Environmental Education, Inc., a statewide nonprofit 
organization with 5,000 members working for clean air and clean energy in Texas. The 
organization advocates for sustainable energy, including energy efficiency, renewable 
energy and conservation.  
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IV. LEGAL AND FACTUAL BACKGROUND 
 
 A. Requirements of the Atomic Energy Act and the National  
  Environmental Policy Act With Respect to NRC Decisions Regarding  
  Spent Fuel Storage and Disposal  
 
  1. Safety determination under the AEA 
 
The AEA precludes the NRC from licensing any new nuclear power plant or re-licensing 
any existing nuclear power plant if it would be “inimical . . . to the health and safety of 
the public.”  42 U.S.C. § 2133(d).  In conformance with this requirement, the 
Commission has stated that it will only license a new nuclear power plant “so long as the 
Commission can be reasonably confident that permanent disposal (as distinguished from 
continued storage under surveillance) can be accomplished safely when it is likely to 
become necessary.”  Natural Resources Defense Council v. NRC, 582 F.2d 166 (2d Cir. 
1978). In the Proposed Waste Confidence Decision, the Commission has repeated its 
commitment not to license new nuclear power plants unless it can make this finding 
(“[The Commission] would not continue to license reactors if it did not have reasonable 
confidence that the wastes can and will in due course be disposed of safely.”)  73 Fed. 
Reg. at 59,552.   Finding # 1 of the Proposed Waste Confidence Decision addresses this 
requirement and effectively constitutes a licensing determination that spent fuel disposal 
risks are not inimical to public health and safety.    
 
In licensing nuclear power plants, the Commission must also make a predictive finding 
that spent fuel can be stored safely pending ultimate disposal.  State of Minnesota v. NRC, 
602 F.2d 412, 418-19 (D.C. Cir. 1979).  Proposed Findings 3, 4 and 5 of the Proposed 
Waste Confidence Decision address this requirement and effectively constitute a 
licensing determination that spent fuel storage risks are not inimical to public health and 
safety.   
 
  2. Environmental analysis under NEPA 
 
Separate from the AEA, NEPA requires that before licensing or re-licensing nuclear 
power plants, the NRC must evaluate, in an EIS, the environmental impacts of licensing 
decisions that have a significant environmental impact.  42 U.S.C. § 4332(C).  NRC 
regulations include the licensing of nuclear power plants among actions that require the 
preparation of an EIS.  10 C.F.R. § 51.20(b)(2).   
 
Even where an agency believes the environmental impacts of a proposed action are 
insignificant, an EIS may be required, depending up “‘[t]he degree to which the possible 
effects on the human environment are highly uncertain or involve unique or unknown 
risks.’”  Foundation on Economic Trends v. Heckler, 756 F.2d 143, 155 (D.C. Cir. 1985) 
(quoting  40 C.F.R. § 1508.27(b)(5)). See also Blue Mountains Biodiversity Project v. 
Blackwood, 161 F.3d 1208, 1213 (9th Cir. 1998) (noting that a project may have 
significant environmental impacts where its effects are “highly uncertain or involve 
unique or unknown risks.”); Morgan v. Walter, 728 F.Supp. 1483, 1489 (D. Id. 1989).      
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An EIS must address the environmental impacts of the proposed action and connected 
actions and weigh the costs and benefits of a reasonable array of alternatives for avoiding 
or mitigating the consequences of the proposed action.  10 C.F.R. § 51.71(d).  It must 
also address the cumulative impacts of the proposed action, i.e., “the incremental impact 
of the action when added to other past, present, and reasonably foreseeable future actions  
. . .”   40 C.F.R. § 1508.7.  See also Hydro Resources, Inc., CLI-01-4, 53 NRC 31, 60 
(2001).    
 
To the extent possible, environmental impacts must be quantified; and where they cannot 
be quantified, they must be discussed in qualitative terms.  10 C.F.R. § 51.71(d).     
 
 
  
  3. Procedural requirements for compliance with AEA and NEPA 
 
While the NRC may make a licensing determination through a notice-and-comment 
rulemaking, it must provide adequate support for its determination to satisfy the 
requirements of the Administrative Procedures Act (“APA”).  State of Minnesota, 602 
F.2d at 419.   And while the NRC may make environmental determinations generically, 
those determinations must be made in compliance with the procedural requirements of 
NEPA, including preparation of an EIS for actions having a significant adverse impact on 
the human environment.  Baltimore Gas and Electric Co. v. Natural Resources Defense 
Council, 462 U.S. 87, 99 (1983).   In conducting supporting environmental analyses 
under NEPA, the NRC must comply with NEPA’s procedural requirements for providing 
adequate notice to the public regarding the bases for its evaluation and decision, 
including the identification and disclosure of all reference documents that are not exempt 
from disclosure under the FOIA.  San Luis Obispo Mothers for Peace, CLI-08-01, 67 
NRC at, 15-17.    
  
 B. History of Waste Confidence Rulemaking  
 
As recounted in the Proposed Waste Confidence Decision, as a result of a rulemaking 
petition proceeding and in response to the U.S. Court of Appeals for the D.C. Circuit’s 
opinion on appeal of that rulemaking decision in State of Minnesota, 602 F.2d 412, the 
NRC has committed to periodically reassess “its finding of reasonable assurance that 
methods of safe permanent disposal of high-level radioactive waste (HLW) would be 
available when they were needed.”  73 Fed. Reg. at 59,552.  The Commission also 
committed that it would not continue to license reactors “if it did not have reasonable 
confidence that the wastes can and will in due course be disposed of safely.”  Id.   
 
The Proposed Waste Confidence Decision marks the third time since 1979 that the 
Commission has proposed to make positive findings regarding the prospects for safe 
disposal and storage of spent fuel.  See proposed 1979 finding (44 Fed. Reg. 61,372 
(October 25, 1979)); final 1984 finding (49 Fed. Reg. 34,658 (August 31, 1984)); 
proposed 1989 finding (54 Fed. Reg. 39,767 (September 28, 1989)); final 1990 finding 
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(55 Fed. Reg. 38,474 (September 18, 1990)).  Each time, the NRC has re-iterated a 
finding that safe spent fuel disposal is technically feasible, and each time it has extended 
the period of time that it expects will be necessary to site a repository.   
 
As discussed below in subsection IV.E, the NRC has relied on the Waste Confidence 
Decision to license and re-license many nuclear power plants, and therefore it constitutes 
a major federal action significantly affecting the environment.  Yet, not one of the Waste 
Confidence Decision proposals was accompanied by an EIS that addressed the 
environmental impacts of spent fuel disposal.     
 
 C. Relationship Between Waste Confidence Rule and Table S-3  
  (Uranium Fuel Cycle Rule) 
 
In 1979, the NRC promulgated a regulation concluding that the environmental impacts of 
the uranium fuel cycle were negligible.  Final Rule, Licensing and Regulatory Policy and 
Procedures for Environmental Protection; Uranium Fuel Cycle Impacts From Spent Fuel 
Reprocessing and Radioactive Waste Management, 44 Fed. Reg. 45,362 (August 12, 
1979).  Estimates of radioactive releases from various stages of the uranium fuel cycle 
were presented in a table called “Table S-3.” All of the estimated radiological releases 
were small.  In the case of spent fuel disposal, the NRC estimated that radiological 
releases after the sealing of a repository would be zero.  See Table S-3.  The zero release 
estimate was based on two assumptions:  first, that the repository would be located in a 
bedded salt deposit; and second, that no radioactivity would escape from the repository.  
44 Fed. Reg. at 45,368.   
  
Table S-3 was incorporated into NRC regulations at 10 C.F.R. § 51.51(b).  10 C.F.R. § 
51.51(a) instructs that:  
 

Under § 51.50, every environmental report prepared for the construction permit 
stage or early site permit stage or combined license stage of a light-water-cooled 
nuclear power reactor, and submitted on or after September 4, 1979, shall take 
Table S-3, Table of Uranium Fuel Cycle Environmental Data, as the basis for 
evaluating the contribution of the environmental effects of uranium mining and 
milling, the production of uranium hexafluoride, isotopic enrichment, fuel 
fabrication, reprocessing of irradiated fuel, transportation of radioactive materials 
and high-level wastes related to uranium fuel cycle activities to the environmental 
costs of licensing the nuclear power reactor.  Table S-3 shall be included in the 
environmental report and may be supplemented by a discussion of the 
environmental significance of the data set forth in this table as weighed in the 
analysis for the proposed facility.   

 
The Uranium Fuel Cycle Rule’s finding of no significant health impacts is related to the 
Waste Confidence Decision because its estimate of zero radioactive releases from a 
repository is based on the Commission’s then-current Waste Confidence finding that “a 
suitable bedded-salt repository site or its equivalent will be found.”  44 Fed. Reg. at 
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45,332.  As the Commission explained in a subsequent policy statement, it based that 
finding on its “confidence” in the integrity of a repository: 
 

As the Commission noted in promulgating the [final uranium cycle rule], events 
which might lead to major releases from the bedded-salt repository used as the 
model for the S-3 rule appear remote in probability while any releases which 
might reasonably be expected eventually to occur appear very small.  
Accordingly, the Commission found that the staff’s assumption that the integrity 
of the repository would be maintained after sealing was a reasonable description 
of the performance of a properly sealed repository and, when taken together with 
the staff’s highly conservative assumption that all volatile fission products in 
reactor spent fuel would be released to the atmosphere prior to repository sealing, 
left Table S-3 overall a conservative description of fuel cycle impacts.  See 44 FR 
45369, col. 2.  Considering the rule’s limited purpose and taking into account the 
Commission’s “waste confidence” proceeding, the Commission continues to 
believe that the record of the final S-3 rulemaking contains adequate information 
on waste disposal uncertainties to support continued use of the fuel cycle rule.   

 
Policy Statement, Licensing and Regulatory Policy and Procedures for Environmental 
Protection; Uranium Fuel Cycle Impacts, 47 Fed. Reg. 50,591, 50,593 (Nov. 11, 1982).   
 
In the 1990 update to the Waste Confidence Rule, the Commission also acknowledged 
that if it were to change its waste confidence decision, it would have to revisit the 
adequacy of Table S-3.  55 Fed. Reg. at 38,490.   
 
The NRC has not updated Table S-3 since the 1970s.  As the Commission recently 
explained, a planned update:    
 

was delayed because, by the mid-1980s, there were no new applications for 
construction of nuclear power plants, nor, at that time, were any future ones 
predicted.  Consequently, there was no regulatory need to update Table S-3 and 
competing priorities for rulemaking resources eventually resulted in the cessation 
of activities on the table.  Since the mid-1980s, the NRC has revisited the issue of 
revising the value for radon-222 in Table S-3 on more than one occasion, but in 
each case higher priority rulemakings led to a halt in these efforts.   

 
New England Coalition on Nuclear Pollution; Denial of Petition for Rulemaking, 73 Fed. 
Reg. 14,946, 14,947 (March 20, 2008).   
 
 D. Relationship Between Waste Confidence Rule and FONSI With  
  Respect to Environmental Impacts of Spent Fuel Storage 
 
NRC regulation 10 C.F.R. § 51.23(a) reports that the Commission “has made a generic 
determination that, if necessary, spent fuel generated in any reactor can be stored safely 
and without significant environmental impacts for at least 30 years beyond the licensed 
life for operation (which may include the term of a revised or renewed license) of that 
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reactor at its spent fuel storage basin or at either onsite or offsite independent spent fuel 
storage installations.”  This finding, in turn, is based on the Waste Confidence Decision 
and the environmental studies reported on in the Waste Confidence Decision.  See 
Proposed Rule Regarding Temporary Fuel Storage, 73 Fed. Reg. at 59,549, 59,550.   
 
 E. NRC Reliance on Waste Confidence Rule and Table S-3 to License 
  And Re-License Nuclear Power Plants 
 
Since 1979, the NRC has used the Waste Confidence Decision as a generic licensing 
determination with respect to the safety and environmental impacts of storing and 
disposing of spent fuel.  Therefore, in individual licensing proceedings, the NRC has 
rejected any contentions that question the safety or environmental impacts of spent fuel 
storage or disposal.  For instance, in the following initial nuclear power plant licensing 
cases, the pendency of the Waste Confidence rulemaking was found to preclude the 
admission of contentions challenging the safety of onsite spent fuel storage and/or the 
prospects for safely disposing of spent fuel:  Carolina Power & Light Co. and North 
Carolina Eastern Municipal Power Agency (Shearon Harris Nuclear Power Plant, Units 1 
and 2), LBP-82-119A, 16 NRC 2069, 2081, 2102 (1982); Virginia Electric and Power 
Co. (North Anna Nuclear Power Station, Units 1 and 2), ALAB-584, 11 NRC 451, 465 
(1980); Public Service Electric and Gas Co., et al. (Salem Nuclear Generating Station, 
Unit 1), ALAB-650, 14 NRC 43, 69 (1981).   
 
The NRC has also relied on the generic findings of the Waste Confidence Decision and 
the related License Renewal Generic EIS (NUREG-1437, 1996) to preclude challenges to 
individual license renewal decisions.  See, e.g., Duke Energy Corp. (Oconee Nuclear 
Station, Units 1, 2, and 3), CLI-99-11, 49 NRC 328, 344-45 (1999); Florida Power & 
Light Co. (Turkey Point Nuclear Generating Plant, Units 3 and 4), CLI-01-17, 54 NRC 3, 
21-23 (2001); Nuclear Management Company, L.L.C. (Palisades Nuclear Plant), CLI-06-
17, 63 NRC 727, 734 n.29 (2006); Entergy Nuclear Vermont Yankee, L.L.C. and Entergy 
Nuclear Operations, Inc. (Vermont Yankee Nuclear Power Station), and Entergy Nuclear 
Generation Company and Entergy Nuclear Operations, Inc. (Pilgrim Nuclear Power 
Station), CLI-07-03, 65 NRC 13, 17-18 (2007); Entergy Nuclear Operations, Inc. (Indian 
Point Nuclear Generating Station), LBP-08-13, __ NRC __ (July 31, 2008).    
 
And in recent early site permit cases for new nuclear power plants, the NRC reached the 
same conclusion.  See, e.g., Dominion Nuclear North Anna, L.L.C. (Early Site Permit for 
North Anna ESP Site), LBP-04-18, 60 NRC 253, 268-69 (2004); Exelon Generating 
Company (Early Site Permit for Clinton ESP Site), LBP-04-17, 60 NRC 229, 246-47 
(2004); System Energy Resources, Inc. (Early Site Permit for Grand Gulf ESP Site), LBP-
04-19, 60 NRC 277, 296 (2004).   
 
Thus, since the first Waste Confidence rulemaking began, the Waste Confidence 
Decision has served as a surrogate for individual licensing determinations that storage 
and disposal of spent fuel can be conducted safely and without significant adverse 
environmental impacts.   
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The NRC also relies on Table S-3 and the Uranium Fuel Cycle Rule as a licensing 
determination that the environmental impacts of the uranium fuel cycle are benign and 
therefore do not warrant the denial or restriction of licenses.  The NRC will deem a 
license application to be sufficient if it incorporates the very small (or in the case of spent 
fuel, zero) estimates of radiological releases from the uranium fuel cycle that are 
presented in the 30-year-old Table S-3, and then extrapolates them into correspondingly 
insignificant health and economic effects.  The NRC has ruled that the quantitative 
figures in Table S-3 may not be challenged in individual licensing proceedings.  See, e.g., 
Tennessee Valley Authority (Bellefonte Nuclear Power Plant, Units 3 and 4), LBP-08-16, 
__ NRC __, slip op. at 70-72 (September 12, 2008); Philadelphia Electric Co. (Limerick 
Generating Station, Units 1 and 2), LBP-83-6, 17 NRC 153, 154-56 (1983).    
 
V. THE NRC’S GENERIC LICENSING DECISION THAT STORAGE AND  
 DISPOSAL OF SPENT FUEL CAN BE ACCOMPLISHED SAFELY AND  
 WITHOUT SIGNIFICANT ADVERSE ENVIRONMENTAL IMPACTS  
 DOES NOT COMPLY WITH THE REQUIREMENTS OF THE AEA,  
 NEPA, OR THE APA.    
 
 As discussed above in Section IV.E, the Waste Confidence Decision effectively 
constitutes a generic licensing decision that it is safe to license and re-license nuclear 
power plants because disposal and storage of the radioactive waste that they generate will 
not be inimical to public health and safety.  As a licensing decision, the Waste 
Confidence Decision is subject to the requirements of both the AEA and NEPA.   
 
 A. The NRC’s Generic Licensing Decision That Spent Fuel Can Be  
  Safely Disposed of Does Not Comply with the AEA or NEPA.   
 
  1. NRC’s safe disposal decision fails to comply with the AEA  
   because its safety finding is unsupported.    
 
 As discussed in detail in the attached IEER Comments, the NRC lacks a basis for a 
reasonable level of confidence that disposal of spent fuel in a repository is technically 
feasible.  A geologic repository is a mined system that is highly perturbed thermally, 
chemically, and mechanically from its original geological setting.  In this system, three 
elements must be shown to work together:  the waste and the waste encapsulation system, 
the backfill and sealant system, and the near- and far-field perturbed geologic 
environment.  The NRC has not made such a demonstration.  The research done so far on 
potential repositories has been completely inadequate to show any reasonable prospect 
for containment of radioactivity by a repository, in other words that a sealed geological 
repository with a large amount of spent fuel can contain radioactivity sufficiently to 
comply with safety, health and environmental standards.    
 



13 

  2. NRC’s safe disposal decision fails to comply with NEPA 
   because it is not supported by an EIS that fully and accurately  
   evaluates the environmental impacts of the uranium fuel cycle, 
   including the impacts of spent fuel disposal.    
  
NEPA requires that NRC licensing decisions with significant adverse environmental 
impacts must be supported by an EIS.  Clearly, the generation of large quantities of 
highly radioactive spent fuel poses extremely grave risks to public health and safety, and 
therefore demands preparation of an EIS.  In addition, the significant uncertainties that 
attend predictions of whether the radioactive waste will remain isolated for thousands of 
years warrant the preparation of an EIS.  See 40 C.F.R. § 1508.27(b)(5)), Blue Mountains 
Biodiversity Project, 161 F.3d at 1213.   
 
If the NRC wishes to continue to rely on the Waste Confidence Decision to allow the 
licensing of new nuclear power plants and the re-licensing of existing nuclear power 
plants, it must comply with NEPA to the “fullest” extent allowed by the law.  Calvert 
Cliffs Coordinating Comm. v. United States Atomic Energy Comm., 449 F.2d 1109, 1115 
(D.C. Cir. 1971).  The NRC therefore must support its generic decisions to license the 
future production of spent fuel and other radioactive waste by preparing a generic EIS 
that evaluates the environmental impacts of that decision.  In compliance with 40 C.F.R. 
§ 1502.22(b), the generic EIS must address all reasonably foreseeable environmental 
impacts, including the impacts of the entire stream of radioactive waste that will be 
generated by those plants, from mining to ultimate disposal, and including all 
intermediate stages.   
 
The generic EIS must examine the cumulative impacts and costs of the entire amount of 
waste that will be generated, including the environmental impacts and costs of siting, 
building, and operating each additional repository.  40 C.F.R. § 1508.7.  The EIS must 
also weigh the relative costs and benefits of licensing individual nuclear power plants – 
including the costs and benefits of generating and disposing of a significant quantity of 
radioactive waste – against the costs and benefits of other alternatives that would not 
involve the creation of that waste.  10 C.F.R. § 51.71(d).  And because the evaluation of 
the environmental impacts of radioactive waste disposal involves predictions far into the 
future, the generic EIS must address the uncertainty that attends those predictions.  40 
C.F.R. § 1508.27(b)(5).   See also IEER Comments.    
 
  3. No existing EIS is sufficient to support the Waste Confidence 
   Decision 
 
No pre-existing EIS, already prepared by the NRC or the U.S. Department of Energy 
(“DOE”), is sufficient to support the Waste Confidence Decision.  For instance, as 
discussed in IEER’s Comments, the EIS prepared by the DOE in 1980 is insufficient in 
scope and grossly out of date.     
 
Similarly, the documentation for the Uranium Fuel Cycle Rule, developed in the mid-
1970s, only estimates radiation releases and does not evaluate human health impacts of 
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those releases.  It is also addressed to the impacts of an individual nuclear power plant, 
and fails to address the cumulative impacts of significantly adding to the nation’s 
inventory of radioactive waste.  The Uranium Fuel Cycle Rule is also extremely outdated 
with respect to its assumptions about the radioactive emissions from various forms of 
radioactive waste, including spent fuel, depleted uranium tails, greater than class C 
(GTCC) waste, and uranium mining tails.  Table S-3 also erroneously concludes that it is 
conservative to assume gaseous releases of certain radionuclides, notably I-129, from 
reprocessing prior to sealing of a repository rather than to assume their release into water 
after disposal of spent fuel.  And the Uranium Fuel Cycle Rule also significantly 
underestimates human vulnerability to radiation.  See IEER Comments.   
  
Finally, there is no EIS or other environmental analysis document that addresses one of 
the key environmental questions raised by the proposed licensing and re-licensing of 
nuclear plants:  what does it cost to manage and dispose of the radioactive waste 
generated in the process of operating nuclear plants, and is the cost justifiable in 
comparison to renewable energy alternatives such as wind and solar power?  The lack of 
a credible cost analysis for waste means that alternatives to nuclear power cannot be 
fairly evaluated as required by NEPA.  See IEER Comments.   
 
Thus, no other EIS exists on which the NRC could rely to support the generic Waste 
Confidence licensing decision.  Before licensing or re-licensing even one more nuclear 
power plant, the NRC must prepare an EIS that fully addresses the environmental impacts 
of the radioactive waste that will be generated as a result of that licensing decision, both 
with respect to the impacts of the individual plant and the cumulative impacts of that 
plant in combination with all other plants that are currently licensed or can reasonably be 
expected to be licensed.    
 
 B. Because the NRC Lacks a Basis for a Finding of Confidence in 
  The Safety of Spent Fuel Disposal, It Must Re-Assess the  
  Health Impacts of the Uranium Fuel Cycle as Set Forth in Table S-3  
  and the Uranium Fuel Cycle Rule.    
 
As discussed above in Section IV.D, in licensing or re-licensing any nuclear power plant, 
the NRC relies on a generic determination, codified in Table S-3, that the human health 
impacts of disposing of the radioactive waste generated by that plant are insignificant.  
Further, as discussed above in Section V.A.2, the findings of Table S-3 are severely 
outdated, and the table significantly underestimates the human health impacts of the 
uranium fuel cycle, including the impacts of disposing of spent fuel.  In addition, the 
assumptions on which Table S-3 depends include the asumption that spent fuel will be 
disposed of in a bedded salt repository.  But in its Proposed Waste Confidence Decision, 
the NRC itself states that salt repositories are now considered suitable only for 
reprocessed high-level waste and not for spent fuel disposal.  73 Fed. Reg. at 59,555.  As 
discussed in IEER’s Comments, all other repository types are now considered likely to 
have radioactive releases after the repository has been sealed.  The hypothesis that 
releases from spent fuel disposal could be zero has therefore been discredited.  Indeed, 
there are plausible circumstances in which releases could exceed the requirements of safe 
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disposal as defined by radiation protection standards.  In order to ensure that its licensing 
decisions for nuclear power plants comply with NEPA by fully addressing the 
environmental impacts of the radioactive waste they will generate, the NRC must 
completely overhaul Table S-3 and integrate it with a more comprehensive analysis of all 
of the environmental impacts and costs of the licensing of nuclear power plants, including 
the impacts and costs of the plants themselves and the wastes they will generate.  See 
IEER Comments.   
 
 C. The NRC’s Proposed Generic Finding That Spent Fuel Can Be Safely 
  Stored Pending Ultimate Disposal Does Not Comply With the AEA or  
  NEPA.   
 
In past Waste Confidence Decisions, the NRC refused to acknowledge one of the most 
significant risks posed by operating nuclear power plants:  the risk of a catastrophic fire 
caused by an attack or accident that leads to partial or complete drainage of a high-
density spent fuel storage pool.  Thompson Report, Section 5.1.  The NRC has finally 
admitted the existence of this risk in the Proposed Waste Confidence Decision and 
Proposed Temporary Fuel Storage Rule.  73 Fed. Reg. at 59,564-68; 59,548.  It also 
admits that since 2002 it has treated the risk as a site-specific issue, imposing new safety, 
security and environmental protection measures on a case-by-case basis, under secret 
licensing orders.  Proposed Waste Confidence Decision, 73 Fed. Reg. at 59,567.  See also 
Denial of Commonwealth of Massachusetts’ Petition for Rulemaking, 73 Fed. Reg. at 
46,209.  As discussed below, the NRC’s actions fail to comply with either the AEA or 
NEPA.   
 
The NRC’s violations of the law are significant, both with respect to existing nuclear 
power plants and future nuclear power plants.  Currently, all nuclear power plant 
licensees in the United States store spent fuel in high-density storage pools.  As discussed 
in Section 2 of Dr. Thompson’s Report, likely trends in the operation of existing reactors 
show a substantial part of the fleet operating into the 2040s, with the last reactor shutting 
down in 2055.  If, as appears likely, licensees of new reactors continue to use high-
density pool storage for spent fuel, nuclear power plant operation will continue to pose a 
substantial risk of radiological harm.     
 
  1. NRC’s safe storage finding does not qualify as a generic  
   licensing determination under the AEA or NEPA.   
 
In the Proposed Decision, the Commission demonstrates that it considers the risk of a 
pool fire to be specific to each nuclear plant, and asserts that it has taken site-specific 
measures to reduce those risks to an acceptable level, separately for each nuclear power 
plant.  The Commission also states that it began to take these site-specific actions as long 
ago as 2002.  73 Fed. Reg. at 59,567.   
 
Yet in the years that have passed since 2002, the Commission has repeatedly relied on the 
generic determination of the Waste Confidence Decision and 10 C.F.R. § 51.23 to deny 
hearing requests regarding the safety and environmental impacts of spent fuel storage in 

Kevin
Sticky Note
except that palisades nearly drained its pool by dropping a fully loaded cask into it in oct. 2005,  showing that site specific regulation and action was inadequate. sheer luck saved the day at palisades, preventing a catastrophic radioactivity release.
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individual licensing cases.  See, e.g., Entergy Nuclear Vermont Yankee, L.L.C. and 
Entergy Nuclear Operations, Inc. CLI-07-03, 65 NRC 13 (Pilgrim and Vermont Yankee, 
2007); Entergy Nuclear Operations, Inc., LBP-08-13 (Indian Point, 2008); Nuclear 
Management Company, L.L.C., CLI-06-17 (Palisades, 2006).   
 
Having acknowledged that its findings regarding safe spent fuel storage are site-specific 
and not generic in nature, the NRC should withdraw its proposed generic finding.   The 
Commission must also re-open the individual licensing cases in which it relied on the 
Waste Confidence Rule and 10 C.F.R. § 51.23 in failing to address the environmental 
impacts of spent fuel storage in the EIS for that licensing decision.  The EIS should 
identify all documents on which the NRC relied, and the NRC must offer the public an 
opportunity for a hearing on the adequacy of the EIS.  
 
Any EIS that is prepared for a new nuclear power plant, for which the applicant proposes 
to rely on high-density pool storage of spent fuel, must also address the environmental 
impacts of spent fuel storage at that individual site.     
 
  2. The NRC has failed to justify its refusal to prepare an EIS for  
   spent fuel storage.    
 
After years of denying the credibility of catastrophic spent fuel pool fires, the NRC now 
concedes that, as a general matter, high-density fuel pools are vulnerable to fire caused by 
accidents and attacks.  Proposed Waste Confidence Decision, 73 Fed. Reg. at 59,565.  
Having effectively conceded that pool storage of spent fuel poses significant 
environmental risks, the NRC should prepare an EIS to address those risks, as required by  
42 U.S.C. § 4332(C).   
 
The NRC apparently believes it can avoid the preparation of an EIS by taking credit for 
mitigation measures that allegedly reduce the level of risk posed by spent fuel pool 
accidents to an acceptable level.  73 Fed. Reg. at 59,565.  But the NRC has not, in fact, 
made such a showing.  Neither the Proposed Waste Confidence Decision nor the 
Proposed Temporary Fuel Storage Rule gives any indication of the standard by which the 
NRC decided that spent fuel pool storage risks were insignificant or acceptable and it 
gives no indication of what measures were taken, even to the extent of identifying the 
decision documents.  The NRC has therefore completely failed to justify is refusal to 
prepare an EIS.    
 
The NRC has also failed to provide the public with an adequate opportunity to be heard 
with respect to the adequacy of the NRC’s basis for its proposed FONSI.  Under Section 
189a of the Atomic Energy Act, 42 U.S.C. § 2239(a), the NRC must provide the public 
with an opportunity for a hearing on the adequacy of its NEPA determination.  While the 
NRC may offer this hearing in the form of a notice-and-comment rulemaking, the 
rulemaking must comply with the APA, NEPA, and the NRC’s own regulations for the 
implementation of NEPA.  Vermont Yankee Nuclear Power Corp. v. Natural Resources 
Defense Council, 435 U.S. 519, 543, 548 (1978).  Here, the NRC has failed to provide the 
public with a fair opportunity to comment on its proposed FONSI, as required by the 
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APA, because it has not complied with its own minimal procedural requirements for 
disclosing the basis for the FONSI.   
 
For instance, under 10 C.F.R. § 51.32(a)(1), a FONSI must “identify the proposed 
action.”  While the Proposed Temporary Fuel Storage Rule does state that the purpose of 
the proposal is to reach a conclusion that spent fuel can be safely stored at or away from 
nuclear power plant sites, that statement is only a conclusion about one of the impacts of 
the agency action.  The agency action is the licensing of nuclear power plants, which will 
in turn lead to the production of spent fuel.  The NRC violates NEPA by assuming that it 
will take the licensing action that permits the production of spent fuel and then defining 
the scope of the proposed action as what must be done to cope with the environmental 
impacts that flow from the licensing action.    
 
The NRC also violates its own NEPA regulations by failing to support the FONSI with 
an EQ, as required by 10 C.F.R. § 51.32(a)(4).  No document is identified as an EA, nor 
can the required contents of an EA be found in either the Proposed Waste Confidence 
Decision or the Proposed Temporary Fuel Storage Rule.   
 
The required contents of an EA are set forth in 10 C.F.R. § 51.31(a):    
 

(1)  A brief discussion of: 
      (i)  The need for the proposed action; 
      (ii)  Alternatives as required by section 102(2)(E) of NEPA; 
      (iii)  The environmental impacts of the proposed action and alternatives as  
              appropriate; and 
(2)  A list of agencies and persons consulted, and identification of sources used.   

 
With respect to the “need for the proposed action,” the NRC discusses the need for long-
term spent fuel storage, but this is more of the same circular reasoning the NRC engages 
in with respect to its characterization of the proposed action.  The NRC completely fails 
to address the question of whether it is necessary to allow the generation of spent fuel for 
which it has no effective means of disposal, and which it must therefore store at nuclear 
power plant sites for a potentially indefinite period of time.    
 
In addition, the NRC provides no discussion of why it believes it needs to continue to 
allow licensees and new applicants to use the most dangerous method of fuel storage that 
exists:  high-density pool storage of spent fuel.  And no discussion at all can be found of 
alternatives to the use of high-density pool storage of spent fuel.  This is an egregious 
omission, since the severe environmental impacts of a pool fire could be almost 
completely avoided by the abandonment of high-density pool storage and substitution of 
low-density pool storage and hardened dry storage.  Thompson Report, Section 8.  The 
benefits of low-density pool storage and hardened dry storage, which must be addressed 
in an EA, would include not only the virtual elimination of the risk of a catastrophic fire, 
but the elimination of the need for secrecy about the measures that the NRC allegedly has 
taken to reduce the risk of a pool fire to an acceptable level.  Id., Section 9.  While 
licensees are privy to the contents of these measures, the public has no means of holding 
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the NRC to account for their effectiveness in protecting public health and the 
environment.  The adverse effect of this unnecessary secrecy on the integrity of the 
NRC’s regulatory process is a significant concern that should be addressed in the EA.    
 
Contrary to the requirement of 10 C.F.R. § 51.30(a)(1)(iii), the Proposed Decision also 
completely fails to address the reasonably foreseeable and potentially catastrophic 
environmental impacts of a pool fire.  To illustrate those impacts, the offsite costs arising 
from a pool fire at the Indian Point site have been estimated at $460 billion.  That 
estimate was non-conservative, and consideration of additional factors could lead to a 
substantially higher estimate of costs.  Thompson Report, Section 5.4.    
 
In addition, neither the Proposed Decision nor the Proposed Temporary Fuel Storage 
Rule contains a list of the reference documents on which it relies for its finding of no 
significant impact.  Thus, there is no means by which a member of the public could 
discern the technical basis for the NRC’s decision or request the documents under the 
FOIA.  While some documents are discussed in the text of the Proposed Waste 
Confidence Decision and the Proposed Temporary Spent Fuel Storage Rule, it is clear 
that the NRC relied on numerous other documents for its determination that spent fuel 
storage poses no significant environmental impacts, including technical studies and 
licensing actions taken by the NRC.   
 
The Proposed Temporary Spent Fuel Storage Rule is also defective because it relies on 
the NRC’s decision denying the Commonwealth of Massachusetts’ rulemaking petition 
regarding spent fuel storage risks, 73 Fed. Reg. 46,204 (August 8, 2008), which also fails 
to identify the reference documents on which it relies.  As the Commission has ruled, 
failure to identify or produce non-exempt portions of reference documents relied on for 
an EA constitutes a violation of NEPA.  San Luis Obispo Mothers for Peace, CLI-08-01, 
67 NRC at 15-17.  The fact that some of the documents contain security-related 
information does not excuse the NRC from complying with NEPA.  San Luis Obispo 
Mothers for Peace v. NRC, 449 F.2d at 1034-35.  The NRC’s proposed FONSI with 
respect to spent fuel storage therefore is fatally defective and should be withdrawn.   
 
Having failed to address its own fundamental requirements for the justification of a 
decision not to prepare an EIS, the NRC cannot claim to have complied with NEPA or to 
have offered the public a meaningful opportunity to comment on its decision.   
 
VI. CONCLUSION 
 
For thirty years, the NRC has relied on the Waste Confidence Decision to generically 
license activities resulting in the generation of significant quantities of high-level 
radioactive waste and other forms of radioactive waste that are difficult, expensive and 
dangerous to store or dispose of.  After 30 years of studying the prospects for safe 
disposal of spent fuel, the NRC is still far from having any basis for a reasonable 
assurance the spent fuel can be disposed of safely.  The NRC’s Proposed Waste 
Confidence Decision therefore fails to meet the requirements for an adequately supported 
licensing decision under the AEA.   
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The NRC’s Proposed Waste Confidence Decision also fails to comply with NEPA 
because it is not supported by a generic EIS that thoroughly evaluates the individual and 
cumulative environmental impacts of NRC licensing decisions with respect to the 
generation of spent fuel and other forms of radioactive waste.  The limited environmental 
studies that were prepared in the 1970s are now grossly out of date and completely 
insufficient to support the licensing of an entire new generation of nuclear power plants.   
 
Finally, the NRC’s generic determination that it is safe to store spent fuel at reactor sites 
or away-from-reactor sites pending its disposal fails to comply with the AEA, the APA, 
or NEPA.     
 
Therefore NRC should withdraw the Proposed Waste Confidence Decision and the 
Proposed Temporary Spent Fuel Storage Rule.  It should also suspend all future action on 
applications for new nuclear power plant licenses or the renewal of existing licenses, 
unless and until it has complied with the AEA, the APA, and NEPA.   
 
Respectfully submitted on behalf of the foregoing Commenters,  
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Diane Curran 
Harmon, Curran, Spielberg, & Eisenberg, L.L.P. 
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FAX 202/328-6918 
dcurran@harmoncurran.com 
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Abstract 
 
The US Nuclear Regulatory Commission (NRC) issued its Waste Confidence Decision in 
1984, expressing NRC's confidence that radioactive waste from commercial nuclear 
reactors would be safely stored and ultimately disposed of in a safe manner.  The 1984 
Decision was reaffirmed and revised in 1990.  In October 2008, NRC issued a Draft 
Update to its Waste Confidence Decision.  At the same time, NRC issued a Proposed 
Rule, confirming a previous, generic determination by NRC that interim storage of spent 
nuclear fuel (SNF) has no significant environmental impact, and relaxing the time limit 
for application of that determination.   
 
This report provides a critical review of the findings in the Waste Confidence Decision, 
as modified by the Draft Update, insofar as those findings relate to the environmental 
impacts of interim storage of SNF or high-level radioactive waste (HLW) originating in 
commercial reactors.  Also, this report provides a critical review of the Proposed Rule.  
To support its critical review of the Waste Confidence Decision and the Proposed Rule, 
this report provides a general summary of selected, adverse impacts on the environment 
that can arise from interim storage of SNF and HLW.   
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1. Introduction 
 
In October 2008, the US Nuclear Regulatory Commission (NRC) issued a set of proposed 
findings that address, among other matters, the interim storage of radioactive waste 
generated by commercial nuclear reactors.  This report provides a critical review of the 
proposed findings, insofar as those findings relate to the environmental impacts of storing 
radioactive waste.   
 

An overview of radioactive waste from commercial reactors 
 
Commercial nuclear reactors periodically discharge nuclear fuel assemblies that are 
"spent", in the sense that they are no longer suitable for generating power from nuclear 
fission.  Each spent nuclear fuel (SNF) assembly contains a large amount of radioactive 
material, and the decay of that material generates heat.  Release of radioactive material 
from an assembly to the environment could cause significant adverse impacts on exposed 
persons.   
 
With some minor exceptions, spent fuel discharged from US commercial reactors is now 
being stored at the reactor sites.  Initially, a spent fuel assembly is stored under water in a 
pool adjacent to the reactor.  After some years of storage in this pool, an assembly could 
be transferred to an on-site, dry-storage facility known as an independent spent fuel 
storage installation (ISFSI).  In the future, assemblies might also be shipped to ISFSIs 
built at off-site locations.1   
 
Current national policy for managing SNF is to store spent fuel assemblies for an interim 
period, followed by their disposal in a mined, underground repository.  The US 
Department of Energy (DOE) has applied to NRC for a license to operate such a 
repository at Yucca Mountain, Nevada.  Many observers doubt that this repository will 
open.   
 
As a separate initiative, DOE has established the Global Nuclear Energy Partnership 
(GNEP) program.  That program is pursuing the development of alternative nuclear fuel 
cycles that would involve the physical and chemical processing of SNF to separate its 
components (plutonium, uranium, fission products, etc.).  The separation processes would 
generate radioactive waste streams including streams of high-level radioactive waste 
(HLW).   

                                                 
1 As an alternative, spent fuel assemblies generated at several reactor sites might be stored in an ISFSI 
located at one reactor site.   
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NRC findings regarding management of SNF and HLW 
 
In 1984, NRC issued its Waste Confidence Decision, expressing NRC's confidence that 
radioactive waste from commercial nuclear reactors would be safely stored and 
ultimately disposed of in a safe manner.  The 1984 Decision was reaffirmed and revised 
in 1990.  In October 2008, NRC issued, for public comment, a draft Update to its Waste 
Confidence Decision.2  Hereafter, that document is referred to as the "Draft Update".  In 
parallel, NRC issued a proposed rule regarding consideration of the environmental 
impacts of temporary storage of spent fuel.3  That document is referred to, hereafter, as 
the "Proposed Rule".  The Proposed Rule provides a generic determination that interim 
storage of spent fuel has no significant environmental impact.   
 
Table 1-1 shows the five findings set forth in the 1990 version of the Waste Confidence 
Decision, together with the modification of two of those findings that is proposed in the 
Draft Update.  It is interesting to compare these two versions of the findings with each 
other and with the original findings, issued in 1984.  Notably, Finding 2 stated in 1984 
that a repository would – with "reasonable assurance" – be available by 2007-2009.  In 
1990, that date was extended to 2025 (within the first quarter of the 21st century), and 
NRC now proposes to further extend that date to 2049-2059 (50-60 years after expiration 
of the Dresden 1 operating license).4  This progression invites skepticism about NRC's 
"reasonable assurance".5   
 
The Proposed Rule proposes a revision of the NRC regulations set forth in 10 CFR Part 
51.  With the proposed revision, paragraph (a) of section 51.23 would read:6   
 

"51.23  Temporary storage of spent fuel after cessation of reactor operation – 
generic determination of no significant environmental impact.   

(a) The Commission has made a generic determination that, if necessary, 
spent fuel generated in any reactor can be stored safely and without significant 
environmental impacts beyond the licensed life for operation (which may include 
the term of a revised or renewed license) of that reactor at its spent fuel storage 
basin or at either onsite or offsite independent spent fuel storage installations until 
a disposal facility can reasonably be expected to be available."   

 
The principal difference between this language and the previous language, established in 
1990, is the relaxation of the time limit for application of paragraph 51.23 (a).  In the 

                                                 
2 NRC, 2008a.   
3 NRC, 2008b.   
4 NRC, 2008a.   
5 NRC's estimated time horizon for repository availability has receded with each revision of its Waste 
Confidence Decision, beginning at 23-25 years in 1984, then receding to 35 years in 1990, and to 41-51 
years in 2008.   
6 NRC, 2008b.   
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1990 version, there was a time limit – at least 30 years beyond a reactor's licensed life for 
operation.7  The revised version contains no specific time limit for its application.   
 

Purposes of this report 
 
This report provides a critical review of the findings in the Waste Confidence Decision, 
as modified by the Draft Update, insofar as those findings relate to the environmental 
impacts of interim storage of SNF or HLW originating in commercial reactors.  Thus, the 
focus here is on Findings 3, 4 and 5, as shown in Table 1-1.8  Also, this report provides a 
critical review of the Proposed Rule.   
 
To support its critical review of the Draft Update and the Proposed Rule, this report 
provides a general summary of selected, adverse impacts on the environment that can 
arise from interim storage of SNF and HLW.  This summary could be useful outside the 
context of the Draft Update and the Proposed Rule.   
 

Categories of environmental impacts 
 
Two categories of adverse impacts on the environment are examined here.  The first 
category consists of the risk of radiological harm arising from unplanned releases of 
radioactive material.  The second category consists of adverse impacts, including social 
and economic impacts, that could arise from deficiencies in NRC's approach to regulating 
the storage of SNF and HLW.   
 
In examining the risk of radiological harm, this report considers the potential for 
unplanned releases of radioactive material to the environment, especially to the 
atmosphere.9  The primary focus here is on unplanned releases from spent fuel.  The 
affected fuel could be stored in a pool adjacent to a commercial reactor, or in an ISFSI 
located at a reactor site or elsewhere.  This report also provides a brief, limited discussion 
of unplanned releases from reactors.  That discussion relates to potential associations and 
interactions between spent-fuel releases and reactor releases.  Unplanned releases, as 
discussed in this report, are distinct from the comparatively small, planned releases that 
occur during operation of a nuclear power plant or a spent-fuel storage facility.   
 
In this report, the term "risk" – used here in the context of radiological harm – 
encompasses the type and scale of potential adverse outcomes together with the 
probabilities of occurrence of those outcomes.10  The radiological harm could be direct, 

                                                 
7 NRC, 2008b.   
8 This author has published, in other contexts, writings that relate to Findings 1 and 2.  See, for example: 
Thompson, 2008a.   
9 Unplanned releases to ground or surface water could also yield significant adverse impacts.  The spatial 
extent of significant impacts is likely to be greatest for atmospheric releases.   
10 Some analysts define "risk" as the arithmetic product of two quantitative indicators: a consequence 
indicator; and a probability indicator.  That definition is simplistic and can be misleading, and is not used in 
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as measured by outcomes such as the number of radiation-induced human illnesses.  
Alternatively, the radiological harm could be indirect, in the form of social and economic 
impacts that arise from the direct harm.  
 

Unplanned releases of radioactive material 
 
Unplanned releases of radioactive material from a spent-fuel storage facility or a reactor 
could arise as a result of two types of accident.  The term "conventional accidents" is 
used here to refer to incidents caused by human error, equipment failure or natural 
events.11  By contrast, "malice-induced accidents" are incidents caused by deliberate, 
malicious actions.  The parties taking those malicious actions could be national 
governments or sub-national groups.12  In considering malicious actions, this report 
focuses on actions by sub-national groups.   
 

Adverse impacts arising from regulatory deficiencies 
 
As mentioned above, the second category of adverse, environmental impacts examined in 
this report consists of impacts, including social and economic impacts, that could arise 
from deficiencies in NRC's approach to regulating the storage of SNF and HLW.  One 
factor to be examined in this context is NRC's refusal to perform any environmental 
impact statement (EIS) that addresses the risk of malice-induced accidents at a nuclear 
facility.  A second factor is NRC's heavy reliance on secrecy as a protective measure, 
without acknowledgment that secrecy can be counterproductive, and can have adverse 
impacts on society and the economy.  A third factor is the role of  "protective deterrence" 
in the defense and security of the USA, and the potential to enhance protective deterrence 
by implementing protective measures of the type called for in the National Infrastructure 
Protection Plan (NIPP).   
 

Protection of sensitive information 
 
In examining the radiological risk associated with malice-induced accidents, this report 
necessarily discusses the potential for a deliberate attack on a nuclear power plant or an 
ISFSI.  Any responsible analyst who discusses the potential for such an attack is careful 
about making statements in public settings.  The author of this report exercises such care.  
The author has no access to classified information, and this report contains no such 
                                                                                                                                                 
this report.  That definition is especially inappropriate for risks associated with malicious actions, because 
there is usually no statistical basis to support quantitative estimates of the probabilities of such actions.  In 
this report, the risk of an activity is defined as a set of quantitative and qualitative information that 
describes the potential adverse outcomes from the activity and the probabilities of occurrence of those 
outcomes.   
11 NRC's Glossary, accessed at the NRC web site (www.nrc.gov) on 23 January 2009, contains no 
definition of "accident".  The terms "conventional accident" and "malice-induced accident" are used in this 
report.  Both types of accident can be foreseen, and a licensee should be able to maintain control of a 
facility if either type of accident occurs.   
12 Relevant sub-national groups could be based in the USA or in other countries.   
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information.  However, a higher standard of discretion is necessary. An analyst should 
not publish sensitive information, defined here as detailed information that could 
substantially assist an attacking group to attain its objectives, even if this information is 
publicly available from other sources.  On the other hand, if a facility's design and 
operation leave the facility vulnerable to attack, and the vulnerability is not being 
addressed appropriately, then a responsible analyst is obliged to publicly describe the 
vulnerability in general terms.   
 
This report exemplifies the balance of responsibility described in the preceding 
paragraph.  Vulnerabilities of nuclear facilities are described here in general terms.  
Detailed information relating to those vulnerabilities is withheld here, although that 
information has been published elsewhere or could be re-created by many persons with 
technical education and/or military experience.  For example, this report does not provide 
cross-section drawings of nuclear facilities, although such drawings have been published 
for many years and are archived around the world.   
 
NRC license proceedings provide potential forums at which sensitive information could 
be discussed without concern about disclosure to potential attackers.  Rules and practices 
are available so that the parties to a license proceeding could discuss sensitive 
information in a protected setting.   
 

Structure of this report 
 
The remainder of this report has eleven sections.  Sections 2 through 10 are as listed in 
the table of contents.  Conclusions are set forth in Section 11, and a bibliography is 
provided in Section 12.  All documents cited in the text and tables of this report are listed 
in the bibliography, unless the full citation is provided directly in a footnote.  Tables are 
provided at the end of the report.   
 
2. Radioactive Waste from Commercial Reactors: History & Likely Future Trends 
 
During normal operation of a commercial nuclear reactor, the reactor periodically 
discharges spent fuel assemblies.  Also, the reactor releases a comparatively small 
amount of radioactive material to the environment, and generates a stream of packaged, 
low-level, radioactive waste.  Decommissioning of the reactor generates an additional 
stream of radioactive waste, including wastes that are not suitable for disposal as low-
level waste.  Here, our focus is on spent fuel, and on HLW that may be generated by 
processing spent fuel.   
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The early assumption of reprocessing 
 
When the commercial reactors now operating in the USA were designed, the designers 
assumed that spent fuel would be stored at each reactor for only a few years.13  After that 
storage period, each spent fuel assembly would be transported to a "reprocessing" plant 
where it would be separated into its components (plutonium, uranium, fission products, 
etc.) through physical and chemical processes.  Most of the radioactive material in the 
assemblies would emerge from the reprocessing plant as a stream of HLW, packaged in a 
solid form such as borosilicate glass in a stainless steel canister.   
 
Reprocessing fell out of favor and was banned by President Carter in 1977.14  Although 
the ban was subsequently lifted, reprocessing has not resumed.  The current national 
policy for managing spent fuel is to store the fuel for an interim period (measured in 
decades), with eventual disposal of the fuel in a mined repository.  The GNEP program 
envisions a change in that policy, as discussed below.   
 
When a spent fuel assembly is discharged from a reactor, it is placed in a water-filled 
pool adjacent to the reactor.  Given the expectation of reprocessing, the pools at the 
present generation of US reactors were originally designed so that each held only a small 
inventory of spent fuel.  Low-density, open-frame storage racks were used.15  Cooling 
fluid can circulate freely through such a rack.   
 

Use of high-density racks in spent-fuel pools 
 
After reprocessing was abandoned in the 1970s, spent fuel began to accumulate in the 
pools.  Excess spent fuel could have been offloaded to other storage facilities, allowing 
continued use of low-density racks.  Instead, as a cost-saving measure, high-density racks 
were introduced, allowing much larger amounts of spent fuel to be stored in the pools.  
The high-density racks have a closed-form configuration in which each fuel assembly is 
surrounded by neutron-absorbing plates, to suppress criticality.16  That configuration 
creates the potential for auto-ignition and propagating combustion of the fuel's zirconium 
cladding if water were lost from the pool.17  The resulting event can be termed a "pool 
fire".  To date, no such event has occurred.   
 
As shown later in this report, NRC has never properly assessed either the risk of a pool 
fire or the opportunities to reduce that risk.  Instead, NRC has enabled and encouraged 
the use of high-density racks in spent-fuel pools.  Such racks are now used at all 

                                                 
13 NRC, 1979.   
14 The ban reflected a widely shared view that reprocessing is uneconomic and promotes the proliferation of 
nuclear weapons.   
15 NRC, 1979.   
16 NRC, 1979.   
17 Alvarez et al, 2003.   
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commercial reactors in the USA.  Licensees have naturally preferred to use high-density 
racks, because this is the cheapest option for storing spent fuel.   
 

The national inventory of spent fuel, and its management 
 
The quantity of spent fuel is often measured in terms of metric tons of heavy metal 
(MTHM), based on the fresh (pre-irradiation) form of the fuel.  The same indicator can 
be used for HLW, by tracing the HLW back to the fresh fuel from which it originated.   
 
As of early 2008, about 57,000 MTHM of commercial spent fuel was in storage across 
the USA, in 35 states.  This stock of fuel is growing at the rate of about 2,000 MTHM 
annually.18  The majority of this stock of fuel is stored in pools at operating reactors.19  
As mentioned above, those pools are equipped with high-density racks.  The remainder of 
the fuel is stored in ISFSIs.  There are 49 licensed ISFSIs across the USA, of which 45 
are at reactor sites.20  At some of those reactor sites, decommissioning activities have 
removed the reactor, leaving an ISFSI as the remaining major facility on the site.   
 
ISFSIs were first established in the 1980s, and the number of ISFSIs began to grow 
rapidly in the mid-1990s.21  This growth reflects the fact that spent-fuel pools are 
reaching their maximum capacity of spent fuel.  When a pool approaches that point, and 
the licensee wishes to continue operating the reactor, older fuel in the pool is offloaded to 
an ISFSI to make room for fuel newly discharged from the reactor.22  The offloading 
occurs on a batch basis, reflecting the use of modular storage at ISFSIs.  Storage modules 
are filled one at a time, and then installed at the ISFSI.   
 
According to NRC, all pools across the USA will be packed at full capacity by 2015.23  
From that point forward, growth in the national inventory of spent fuel from existing 
reactors will be accommodated entirely in ISFSIs, until a repository is opened.   
 
When a reactor reaches the end of its operating life, storage of spent fuel in the associated 
pool will continue for some time thereafter.  However, dry storage in an ISFSI will be a 
cheaper option for long-term storage.  Thus, ongoing pool storage at permanently shut-
down reactors will be comparatively rare.   
 

                                                 
18 NRC, 2008c.   
19 The NRC does not publish spent-fuel inventory data broken down by reactor, site or storage mode.  Other 
sources show that the majority of the inventory is now in pools at operating reactors.  See, for example: 
Alvarez et al, 2003.   
20 One ISFSI license is for an away-from-reactor site in Utah.  Actual establishment of that ISFSI appears 
unlikely.   
21 NRC, 2008c.   
22 The older fuel is appropriate for transfer to an ISFSI because it produces less heat from radioactive decay 
than is produced by newly-discharged fuel.   
23 Figure, "Nuclear Fuel Pool Capacity", accessed at the NRC web site (www.nrc.gov) on 27 January 2009.   
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To summarize, NRC has enabled and encouraged the development of a de facto, national 
strategy for storing spent fuel from commercial reactors.  Major elements of the strategy 
are: (i) storage of spent fuel, after discharge from a reactor, in a pool equipped with high-
density racks; (ii) placement of the pool in close proximity to the reactor, with sharing of 
systems; (iii) accumulation of spent fuel in the pool until the pool is packed nearly to full 
capacity, followed by periodic offloading of older fuel from the pool to an on-site ISFSI 
in order to make room for newly-discharged fuel; and (iv) after permanent shut-down of 
the reactor, transfer of the remaining fuel from the pool to the ISFSI.   
 

Future trends in reactor operation and spent-fuel storage 
 
At present, 104 commercial reactors are licensed for operation in the US.  Each of these 
reactors was licensed for an initial 40-year period, and many have received 20-year 
license extensions.  A number of reactors with license extensions are now licensed for 
operation into the 2040s, one of them (Nine Mile Point 2) being licensed to operate until 
2046.  If reactors that were commissioned more recently receive 20-year license 
extensions, which seems likely, they will be licensed into the 2050s.  Watts Bar 1 would 
be licensed until 2055.24   
 
Thus, if the present practice of high-density pool storage continues, we can expect that 
existing reactors will operate in close proximity to pools, packed with spent fuel at high 
density to nearly their full capacity, for future periods as long as 46 years.  That 
conclusion has significant implications for the environmental impacts of spent-fuel 
storage, as discussed later in this report.   
 
NRC is considering applications for operating licenses for new commercial reactors.  
Some people see those applications as the beginning of a "renaissance" of nuclear power.  
The accuracy of that perception will become clear over time.  For the purpose of 
examining potential impacts on the environment, one can assume that a number of new 
reactors will enter service.  A member of the initial cohort of reactors might begin 
commercial operation in, for example, 2020.  Assuming a 60-year operating life, that 
reactor would shut down in 2080.   
 
NRC has taken no action to encourage or require a spent-fuel storage strategy for new 
reactors that differs from the strategy now being implemented for existing reactors.  
Thus, for the purpose of examining potential environmental impacts, one can assume a 
continuation of the present strategy.  Indeed, it appears that reactor vendors, license 
applicants and the NRC have all assumed, without any evident analysis or debate, that the 
present spent-fuel storage strategy will continue.   
 
If new reactors employed spent-fuel pools similar in size to the pools at existing reactors, 
then a typical new pool would become packed to near its capacity in the middle of a 

                                                 
24 NRC, 2008c.   
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reactor's 60-year operating life.  Thus, if a reactor entered service in 2020, its pool would 
become packed to near its capacity around 2050, and would remain packed at that level 
until the reactor ceased operating in 2080.  Given such an outcome, a cohort of new 
reactors would yield large, densely-packed inventories of spent fuel in their adjacent 
pools during the time period when existing reactors with similar spent-fuel inventories 
are shutting down.  In that manner, new reactors would prolong the present strategy of 
spent fuel storage, and its environmental impacts, into the late 21st century and 
potentially beyond.   
 

The Global Nuclear Energy Partnership 
 
The US government is pursuing, through the GNEP program at DOE, the development of 
"alternative" nuclear fuel cycles.25  Current national policy is to operate a "once-through" 
fuel cycle in which spent fuel is stored and eventually disposed of in a radioactive waste 
repository.  One of the explicit purposes of the GNEP program is to develop fuel-cycle 
options that would require less repository capacity than would be required for a once-
through fuel cycle producing the same amount of electrical energy.  Thus, the GNEP 
program is relevant to NRC's Waste Confidence Decision.   
 
Each of the GNEP fuel cycles would involve the processing of spent fuel in facilities that 
would produce streams of HLW.  The HLW waste forms would require storage prior to 
their placement in a repository.  The storage period could be long.  For example, some 
fuel cycles would involve the separation of cesium and strontium isotopes from the other 
constituents of spent fuel.  The cesium and strontium isotopes would be incorporated into 
some type of liquid or solid HLW waste form that would be stored for about 300 years.26   
 
Separation of cesium and strontium isotopes for extended storage would be done to 
reduce the need for repository capacity.  Over 300 years of storage, radioactive decay 
would substantially reduce the inventory of these isotopes, and their heat output would 
decline accordingly.27  From a purely technical perspective, the construction and 
operation of a repository would become easier and cheaper if that approach were adopted.  
However, the approach raises important questions about the risk of prolonged storage and 
the inter-generational equity of deferred disposal.   
 
According to DOE, the transition to an alternative fuel cycle could begin as soon as 10-15 
years in the future.28  Yet, NRC's Draft Update and Proposed Rule are silent regarding the 
implications of the GNEP program.   

                                                 
25 DOE, 2008.   
26 DOE, 2008.   
27 Cesium-137 has a half-life of 30 years.  Over 300 years, the inventory of this isotope would decline by a 
factor of about 1,000.   
28 DOE, 2008.   
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3. Radioactive Inventories at Spent-Fuel Storage Facilities 
 
The inventories of radioactive material at spent-fuel storage facilities are illustrated here 
by considering the Indian Point site as a representative site.  At that site, the Indian Point 
2 (IP2) and Indian Point 3 (IP3) commercial reactors remain operational, and the Indian 
Point 1 (IP1) reactor is permanently shut down.  The IP2 and IP3 reactors are 
pressurized-water reactors (PWRs).  An ISFSI has been established on the site.   
 
All but a small fraction of the site's inventory of radioactive material is contained within 
fuel assemblies at six facilities: the IP2 and IP3 reactors; the IP1, IP2 and IP3 spent-fuel 
pools; and the ISFSI.  The IP1 pool is not discussed here.   
 
Active or spent fuel assemblies contain a variety of radioactive isotopes.29  One isotope, 
namely cesium-137, is especially useful as an indicator of the potential for radiological 
harm.  Cesium-137 is a radioactive isotope with a half-life of 30 years.  This isotope 
accounts for most of the offsite radiation exposure that is attributable to the 1986 
Chernobyl reactor accident, and for about half of the radiation exposure that is 
attributable to fallout from the testing of nuclear weapons in the atmosphere.30  Cesium is 
a volatile element that would be liberally released during conventional accidents or attack 
scenarios that involve overheating of nuclear fuel.   
 
Table 3-1 shows estimated amounts of cesium-137 in nuclear fuel in the IP2 and IP3 
reactors and spent-fuel pools, and in one of the spent-fuel storage modules of the Indian 
Point ISFSI.  Table 3-2 compares these amounts with atmospheric releases of cesium-137 
from detonation of a 10-kilotonne fission weapon, the Chernobyl reactor accident of 
1986, and atmospheric testing of nuclear weapons.  These data show that release of a 
substantial fraction of the cesium-137 in an Indian Point nuclear facility would create 
comparatively large radiological consequences.   
 
In the IP2 and IP3 spent-fuel pools, as at commercial reactors across the USA, spent fuel 
is stored in high-density racks.  This configuration has significant implications for risk 
because loss of water from such a pool would, over a wide range of scenarios, lead to 
spontaneous ignition of the hottest spent fuel and a fire that would spread across the pool.  
That fire would release to the atmosphere a substantial fraction of the pool's inventory of 
cesium-137, together with other radioactive isotopes.  The potential for this event is 
discussed further in Section 5, below.  

                                                 
29 In an operating reactor, an active fuel assembly contains radioactive isotopes with half-lives ranging from 
seconds to millennia.  After the reactor is shut down or a fuel assembly becomes spent (i.e., it is discharged 
from the reactor), the assembly's inventory of each isotope declines at a rate determined by the isotope's 
half-life.  Thus, an atmospheric release from an operating reactor would contain short- and longer-lived 
isotopes, while a release from a spent-fuel-storage facility would contain only longer-lived isotopes.  That 
difference has implications for the emergency response that would be appropriate for each release.   
30 DOE, 1987.   
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4. An Overview of Radiological Risk 
 
As explained in Section 1, above, two categories of adverse impacts on the environment 
are examined in this report.  The first category consists of the risk of radiological harm 
arising from unplanned releases of radioactive material.  The radiological harm could be 
direct, as measured by outcomes such as the number of radiation-induced human 
illnesses.  Alternatively, the radiological harm could be indirect, in the form of social and 
economic impacts that arise from the direct harm.  
 
In considering the potential for unplanned releases, this report focuses on atmospheric 
releases.  Such a release could cause radiological consequences at the site where the 
release occurs and at downwind, offsite locations.  The released material would travel in 
a plume of gases and small particles.  The particles would settle on the ground and other 
surfaces at downwind locations, and would then be re-distributed by rain, wind, etc.  
Humans could be irradiated through various pathways including inhalation, external 
exposure, and ingestion of contaminated food and water.  Types of radiological 
consequences could include:   
 

(i) "early" human fatalities or morbidities (illnesses) that arise during the first 
several weeks after the release;  
(ii) "latent" fatalities or morbidities (e.g., cancers) that arise years after the 
release;  
(iii) short- or long-term abandonment of land, buildings, etc.;  
(iv) short- or long-term interruption of agriculture, water supplies, etc.; and  
(v) social and economic impacts of the above-listed consequences.   

 
An unplanned atmospheric release could arise as a result of a conventional accident or a 
malice-induced accident.  The potential for a conventional accident can be examined 
using the techniques of probabilistic risk assessment (PRA).  In the PRA field, accident-
initiating events are typically categorized as "internal" events (human error, equipment 
failure, etc.) or "external" events (earthquakes, fires, strong winds, etc.).  A malice-
induced accident would involve a deliberate attack.  Such an attack could be mounted by 
a variety of actors, in a variety of ways, for various motives.  The potential for an attack 
is discussed further in Section 7, below.  That discussion shows how PRA techniques can 
be adapted to examine the risks of malice-induced accidents.   
 

Development of PRA capability 
 
From the earliest years of the nuclear-technology era, analysis and experience have 
shown that a nuclear reactor can undergo an accident in which the reactor's fuel is 
damaged.  This damage can lead to a release of radioactive material within the reactor 
and, potentially, from the reactor to the external environment.  An early illustration of 
this accident potential occurred in the UK in 1957, when an air-cooled reactor at 
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Windscale caught fire and released radioactive material to the atmosphere.  At that time, 
spent fuel was not perceived as a significant hazard.   
 
When the basic designs of the existing fleet of commercial reactors were being 
established in the 1960s, there was limited technical understanding of the potential for 
severe accidents at reactors.  In this context, "severe" means that the reactor core is 
severely damaged, which typically involves melting of some fraction of the core 
materials.  Analysts in the PRA field typically refer to such an event as a "core-damage" 
accident.  Knowledge about the potential for core-damage accidents was substantially 
improved by completion of the Reactor Safety Study (WASH-1400) in 1975.31  That 
study, although deficient in various respects, established the basic principles for a reactor 
PRA.  More knowledge has accumulated from analysis and experience since 1975.32   
 
The "high point" of PRA practice was reached in 1990 with publication by NRC of its 
NUREG-1150 study, which examined five different US reactors using a common 
methodology.33  The study was well funded, involved many experts, was conducted in an 
open and transparent manner, was done at Level 3 (i.e., radiological consequences were 
estimated), considered internal and external initiating events, explicitly propagated 
uncertainty through its chain of analysis, was subjected to peer review, and left behind a 
large body of published documentation.  Each of those features is necessary if the 
findings of a PRA are to be credible.  There are deficiencies in the NUREG-1150 
findings, which can be corrected by fresh analysis and the use of new information.  The 
process of correction is possible because the NUREG-1150 study was conducted openly 
and left a documentary record.   
 
PRA practice in the USA has degenerated since the NUREG-1150 study.  Now, PRAs are 
conducted by the nuclear industry, and the only published documentation is a summary 
statement of findings.  NRC formerly sponsored independent reviews of industry PRAs, 
but no longer does so.  Thus, PRA findings have lacked credibility for at least a decade.  
An illustration of the degeneration of PRA practice was the disclosure, during a July 
2008 hearing before the NRC Commissioners, that the NRC Staff lacks an in-house 
capability to use the MACCS computer code.34  That code is used to assess the 
radiological consequences of an atmospheric release of radioactive material.   

                                                 
31 NRC, 1975.   
32 Relevant experience includes the Three Mile Island reactor accident of 1979 and the Chernobyl reactor 
accident of 1986.   
33 NRC, 1990b.   
34 NRC, 2008e.   
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5. Potential for a Fire in a Spent-Fuel Pool 
 

5.1 Recognition of the Spent-Fuel Hazard  
 
Until 1979 it was widely assumed that stored spent fuel did not pose risks comparable to 
those associated with reactors.  This assumption arose because a spent fuel assembly does 
not contain short-lived radioactivity, and therefore produces less radioactive decay heat 
than does a similar fuel assembly in an operating reactor.  However, that factor was 
counteracted by the introduction of high-density, closed-form storage racks into spent-
fuel pools, beginning in the 1970s.   
 

The potential for a pool fire 
 
Unfortunately, the closed-form configuration of the high-density racks would create a 
major problem if water were lost from a spent-fuel pool.  The flow of air through the 
racks would be highly constrained, and would be almost completely cut off if residual 
water or debris were present in the base of the pool.  As a result, removal of radioactive 
decay heat would be ineffective.  Over a broad range of water-loss scenarios, the 
temperature of the zirconium fuel cladding would rise to the point (approximately 1,000 
degrees C) where a self-sustaining, exothermic reaction of zirconium with air or steam 
would begin.  Fuel discharged from the reactor for 1 month could ignite in less than 2 
hours, and fuel discharged for 3 months could ignite in about 3 hours.35  Once initiated, 
the fire would spread to adjacent fuel assemblies, and could ultimately involve all fuel in 
the pool.  A large, atmospheric release of radioactive material would occur.  For 
simplicity, this potential disaster can be described as a "pool fire".   
 
Water could be lost from a spent-fuel pool through leakage, boiling, siphoning, pumping, 
displacement by objects falling into the pool, or overturning of the pool.  These modes of 
water loss could arise from events, alone or in combination, that include: (i) acts of 
malice by persons within or outside the plant boundary; (ii) an aircraft impact; (iii) an 
earthquake; (iv) dropping of a fuel cask; (v) accidental fires or explosions; and (vi) a 
severe accident at an adjacent reactor that, through the spread of radioactive material and 
other influences, precludes the ongoing provision of cooling and/or water makeup to the 
pool.   
 
These events have differing probabilities of occurrence.  None of them is an everyday 
event.  Nevertheless, they are similar to events that are now routinely considered in 
planning and policy decisions related to commercial nuclear reactors.  To date, however, 
such events have not been given the same attention in the context of spent-fuel pools.   
 

                                                 
35 This sentence assumes adiabatic conditions.   
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Some people have found it counter-intuitive that spent fuel, given its comparatively low 
decay heat and its storage under water, could pose a fire hazard.  This perception has 
slowed recognition of the hazard.  In this context, a simple analogy may be helpful.  We 
all understand that a wooden house can stand safely for many years but be turned into an 
inferno by a match applied in an appropriate location.  A spent-fuel pool equipped with 
high-density racks is roughly analogous, but in this case ignition would be accomplished 
by draining water from the pool.  In both cases, a triggering event would unleash a large 
amount of latent chemical energy.   
 

The sequence of studies related to pool fires 
 
Two studies completed in March 1979 independently identified the potential for a fire in 
a drained spent-fuel pool equipped with high-density racks.  One study was by members 
of a scientific panel assembled by the German state government of Lower Saxony to 
review a proposal for a nuclear fuel cycle center at Gorleben.36  After a public hearing, 
the Lower Saxony government ruled in May 1979, as part of a broader decision, that 
high-density pool storage of spent fuel would not be acceptable at Gorleben.  The second 
study was done by Sandia Laboratories for NRC.37  In light of knowledge that has 
accumulated since 1979, the Sandia report generally stands up well, provided that one 
reads the report in its entirety.  However, the report's introduction contains an erroneous 
statement that complete drainage of the pool is the most severe situation.  The body of the 
report clearly shows that partial drainage can be a more severe case, as was recognized in 
the Gorleben context.  Unfortunately, NRC continued, until October 2000, to employ the 
erroneous assumption that complete drainage is the most severe case.   
 
NRC has published various documents that discuss aspects of the potential for a spent-
fuel-pool fire.  Several of these documents are discussed below.  Only three of the 
various documents are products of processes that provided an opportunity for formally 
structured public comment and, potentially, for in-depth analysis of risks and alternatives.  
One such document is the August 1979 generic environmental impact statement (GEIS) 
on handling and storage of spent fuel (NUREG-0575).38  The second document is the 
May 1996 GEIS on license renewal for nuclear power plants (NUREG-1437).39  These 
two documents purported to provide systematic analysis of the risks and relative costs 
and benefits of alternative options.  The third document is NRC's September 1990 review 
(55 FR 38474) of its Waste Confidence Decision.40  That document did not purport to 
provide an analysis of risks and alternatives.   
 

                                                 
36 Thompson et al, 1979.   
37 Benjamin et al, 1979.   
38 NRC, 1979.   
39 NRC, 1996.   
40 NRC, 1990a.   
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NUREG-0575 addresses the potential for a spent-fuel-pool fire in a single sentence that 
cites the 1979 Sandia report.  The sentence reads:41   
 

"Assuming that the spent fuel stored at an independent spent fuel storage 
installation is at least one year old, calculations have been performed to show that 
loss of water should not result in fuel failure due to high temperatures if proper 
rack design is employed."   

 
Although this sentence refers to pool storage of spent fuel at an independent spent fuel 
storage installation, NUREG-0575 regards at-reactor pool storage as having the same 
properties.  This sentence misrepresents the findings of the Sandia report.  The sentence 
does not define "proper rack design".  It does not disclose Sandia's findings that high-
density racks promote overheating of exposed fuel, and that overheating can cause fuel to 
self-ignite and burn.  NRC has never corrected this deficiency in NUREG-0575.    
 
NUREG-1437 also addresses the potential for a spent-fuel-pool fire in a single sentence, 
which in this instance states:42   
 

"NRC has also found that, even, under the worst probable cause of a loss of spent-
fuel pool coolant (a severe seismic-generated accident causing a catastrophic 
failure of the pool), the likelihood of a fuel-cladding fire is highly remote (55 FR 
38474)."   

 
The parenthetic citation is to NRC's September 1990 review of its Waste Confidence 
Decision.  Thus, NUREG-1437's examination of pool fires is totally dependent on the 
September 1990 review.  In turn, that review bases its opinion about pool fires on the 
following four NRC documents:43 (i) NUREG/CR-4982;44 (ii) NUREG/CR-5176;45 (iii) 
NUREG-1353;46 and (iv) NUREG/CR-5281.47  These documents are discussed in Section 
5.2, below.  That discussion reveals substantial deficiencies in the documents' analysis of 
the potential for a pool fire.   
 
Thus, neither of the two GEISs (NUREG-0575 and NUREG-1437), nor the September 
1990 review of the Waste Confidence Decision, provides a technically defensible 
examination of spent-fuel-pool fires and the associated risks and alternatives.  The 
statements in each document regarding pool fires are inconsistent with the findings of 
subsequent, more credible studies discussed below.   
 

                                                 
41 NRC, 1979, page 4-21.   
42 NRC, 1996, pp 6-72 to 6-75.   
43 NRC, 1990a, page 38481.   
44 Sailor et al, 1987.   
45 Prassinos et al, 1989.   
46 Throm, 1989.   
47 Jo et al, 1989.   
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The most recent published NRC technical study on the potential for a pool fire is an NRC 
Staff study, originally released in October 2000 but formally published in February 2001, 
that addresses the risk of a pool fire at a nuclear power plant undergoing 
decommissioning.48  This author submitted comments on the study to the NRC 
Commissioners in February 2001.49  The study was in several respects an improvement 
on previous NRC documents that addressed pool fires.  It reversed NRC's longstanding, 
erroneous position that total, instantaneous drainage of a pool is the most severe case of 
drainage.  However, it did not consider acts of malice.  Nor did it add significantly to the 
weak base of technical knowledge regarding the propagation of a fire from one fuel 
assembly to another.  Its focus was on a plant undergoing decommissioning.  Therefore, 
it did not address potential interactions between pools and operating reactors, such as the 
interactions discussed in Section 5.3, below.   
 
In 2003, eight authors, including the present author, published a paper on the risks of 
spent-fuel-pool fires and the options for reducing these risks.50   That paper aroused 
vigorous comment, and its findings were disputed by NRC officials and others.  Critical 
comment was also directed to a related report by this author.51  In an effort to resolve this 
controversy, the US Congress requested the National Academy of Sciences (NAS) to 
conduct a study on the safety and security of spent-fuel storage.  NAS submitted a 
classified report to Congress in July 2004, and released an unclassified version in April 
2005.52  Press reports described considerable tension between NAS and NRC regarding 
the inclusion of material in the unclassified NAS report.53   
 
Since September 2001, NRC has not published any document that contains technical 
analysis related to the potential for a pool fire.  Instead, NRC has issued statements 
claiming that the risk of a pool fire has been limited by secret studies and secret actions.   
 
NRC concedes, in the Draft Update and elsewhere, that a fire could spontaneously break 
out in a spent-fuel pool following a loss of water.  NRC also concedes that radioactive 
material released to the atmosphere during a pool fire would have significant, adverse 
impacts on the environment.  To offset those concessions, NRC argues that the 
probability of a pool fire is very low.  NRC attributes the alleged low probability, in part, 
to unspecified, secret security measures and damage-control preparations that have been 
implemented at commercial reactors since September 2001.  NRC further attributes the 
alleged low probability, in part, to unspecified, secret studies that find that a fire would 
not break out in certain scenarios for loss of water from a pool.54  This approach by NRC 
is discussed further in Section 9, below.  

                                                 
48 Collins and Hubbard, 2001   
49 Thompson, 2001a.   
50 Alvarez et al, 2003.   
51 Thompson, 2003.   
52 NAS, 2006.   
53 Wald, 2005.   
54 NRC, 2008a; NRC, 2008d.   
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5.2 Technical Understanding of Pool Fires 
 
Section 5.1, above, introduces the concept of a pool fire and describes the history of 
analysis of pool-fire risk.  There is a body of technical literature on this risk, containing 
documents of varying degrees of completeness and accuracy.  Current opinions about the 
risk vary widely, but the differences of opinion are more about the probabilities of pool-
fire scenarios than about the physical characteristics of these scenarios.  In turn, differing 
opinions about probabilities lead to differing support for risk-reducing options.  This 
situation is captured in a comment by Allan Benjamin on a paper (Alvarez et al, 2003) by 
this author and seven colleagues.55  Benjamin's comment is quoted in the unclassified 
NAS report as follows:56  
 

"In a nutshell, [Alvarez et al] correctly identify a problem that needs to be 
addressed, but they do not adequately demonstrate that the proposed solution is 
cost-effective or that it is optimal."   

 
The "proposed solution" to which Benjamin refers is the re-equipment of spent-fuel pools 
with low-density, open-frame racks, transferring excess spent fuel to onsite dry storage.  
In fact, however, the [Alvarez et al] authors had not claimed to complete the level of 
analysis, especially site-specific analysis, that risk-reducing options should receive in an 
Environmental Report or EIS.  These authors stated:57  
 

"Finally, all of our proposals require further detailed analysis and some would 
involve risk tradeoffs that also would have to be further analyzed.  Ideally, these 
analyses could be embedded in an open process in which both analysts and policy 
makers can be held accountable."    

 
The paper by Alvarez et al is consistent with current knowledge of pool-fire phenomena, 
including the findings set forth in the unclassified NAS report.  The same cannot be said 
for all of the NRC documents that were cited in NRC's September 1990 review of its 
Waste Confidence Decision.  As discussed in Section 5.1, above, four NRC documents 
were cited to support that review's finding regarding the risks of pool fires.58  In turn, the 
May 1996 GEIS on license renewal (NUREG-1437) relied on the September 1990 review 
for its position on the risks of pool fires.  The four NRC documents are discussed in the 
following paragraphs.   
 
NUREG/CR-4982 was prepared at Brookhaven National Laboratory to provide "an 
assessment of the likelihood and consequences of a severe accident in a spent fuel storage 

                                                 
55 Allan Benjamin was one of the authors of: Benjamin et al, 1979.   
56 NAS, 2006, page 45.   
57 Alvarez et al, 2003, page 35.   
58 NRC, 1990a, page 38481.   
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pool".59  The postulated accident involved complete, instantaneous loss of water from the 
pool, thereby excluding important phenomena from consideration.  The Brookhaven 
authors employed a simplistic model to examine propagation of a fire from one fuel 
assembly to another.  That model neglected important phenomena including slumping 
and burn-through of racks, slumping of fuel assemblies, and the accumulation of a debris 
bed at the base of the pool.  Each of these neglected phenomena would promote fire 
propagation.  The study ignored the potential for interactions between a pool fire and a 
reactor accident.  It did not consider acts of malice.  Overall, this study did not approach 
the completeness and quality needed to support consideration of a pool fire in an EIS.   
 
NUREG/CR-5176 was prepared at Lawrence Livermore National Laboratory.60  It 
examined the potential for earthquake-induced failure of the spent-fuel pool and the 
pool's support systems at the Vermont Yankee and Robinson Unit 2 plants.  It also 
considered the effect of dropping a spent-fuel shipping cask on a pool wall.  Overall, this 
study appears to have been a competent exercise within its stated assumptions.  With 
appropriate updating, NUREG/CR-5176 could contribute to the larger body of analysis 
that would be needed to support consideration of a pool fire in an EIS.   
 
NUREG-1353 was prepared by a member of the NRC Staff to support resolution of NRC 
Generic Issue 82.61  It postulated a pool accident involving complete, instantaneous loss 
of water from the pool, thereby excluding important phenomena from consideration.  It 
relied on the fire-propagation analysis of NUREG/CR-4982.  As discussed above, that 
analysis is inadequate.  In considering heat transfer from boiling water reactor (BWR) 
fuel after water loss, NUREG-1353 assumed that a high-density rack configuration would 
involve a 5-inch open space between each row of fuel assemblies.  That assumption is 
inappropriate and non-conservative.  Modern, high-density BWR racks have a center-to-
center distance of about 6 inches in both directions.  Thus, NUREG-1353 under-
estimated the potential for ignition of BWR fuel.  Overall, NUREG-1353 did not 
approach the completeness and quality needed to support consideration of a pool fire in 
an EIS.   
 
NUREG/CR-5281 was prepared at Brookhaven National Laboratory to evaluate options 
for reducing the risk of pool fires.62  It took NUREG/CR-4982 as its starting point, and 
therefore shared the deficiencies of that study.   
 
Clearly, these four NRC documents do not provide an adequate technical basis for an EIS 
that addresses the risk of pool fires.  The knowledge that they do provide could be 
supplemented from other documents, including the unclassified NAS report, the paper by 
Alvarez et al, and the NRC Staff study (NUREG-1738) on pool-fire risk at a plant 

                                                 
59 Sailor et al, 1987.   
60 Prassinos et al, 1989.   
61 Throm, 1989.   
62 Jo et al, 1989.   
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undergoing decommissioning.63  However, this combined body of information would be 
inadequate to support the preparation of an EIS.  For that purpose, a comprehensive, 
integrated study would be required, involving analysis and experiment.  The depth of 
investigation would be similar to that involved in preparing the NRC's December 1990 
study on the risks of reactor accidents (NUREG-1150).64   
 

A pool-fire "source term" 
 
The incompleteness of the present knowledge base is evident when one needs a "source 
term" to estimate the radiological consequences of a pool fire.  The concept of a source 
term encompasses the magnitude, timing and other characteristics of an atmospheric 
release of radioactive material.  Present knowledge does not allow an accurate theoretical 
or empirically-based prediction of the source term for a postulated pool-fire scenario.  
Available information indicates that, for a broad range of scenarios, the atmospheric 
release fraction of cesium-137 would be between 10 and 100 percent.  This report 
assumes a cesium-137 release fraction of about 50 percent.  Table 3-1 shows that the 
inventory of cesium-137 in a representative pool – the IP2 or IP3 pool during the period 
of license extension – would be about 70 MCi.  Thus, a release of 35 MCi of cesium-137 
is used here to examine the consequences of a pool fire.   
 

Secret studies by NRC 
 
The Draft Update mentions secret studies allegedly conducted or sponsored by NRC, 
after September 2001, to improve technical understanding of pool fires.  Aspects of those 
studies include "detailed and realistic analytical modeling", "extensive testing of 
zirconium oxidation kinetics in an air environment", and "full scale coolability and "zirc 
fire" testing of spent fuel assemblies".65  If those studies were indeed carried out, and 
done competently, they could have yielded an improved technical understanding of pool 
fires.  However, the Draft Update provides no citation to any document, secret or 
otherwise, that describes the alleged studies.   
 
Secret studies are also mentioned in an August 2008 decision by the NRC 
Commissioners to deny petitions for rulemaking, filed by the Attorneys General of 
Massachusetts and California, regarding the environmental impacts of storing spent fuel 
at high density in pools.66  In that decision, the secret studies are referred to as the 
"Sandia studies", because they were done at Sandia National Laboratories.  The decision  
cites two documents that were not previously cited by NRC.  One of these documents is 
entirely secret and the other is available in a highly redacted version.67  The redacted 

                                                 
63 Collins and Hubbard, 2001.   
64 NRC, 1990b.   
65 NRC, 2008a, page 59565.   
66 NRC, 2008d.   
67 The two citations are provided in Footnote 6 at page 46207 of the Rulemaking Petition Decision (NRC, 
2008d).  Both citations are to reports prepared at Sandia National Laboratories.  One report, which is 
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document describes theoretical analyses using the MELCOR computer code, and the 
other document appears, from its title, to describe similar theoretical analyses.  Thus, one 
can reasonably conclude that neither document describes empirical investigations (e.g., 
"full scale coolability and "zirc fire" testing of spent fuel assemblies") as mentioned in 
the Draft Update.  (See previous paragraph.)   
 
To summarize, the Draft Update, issued in October 2008, mentions one set of secret 
studies, while the rulemaking petition decision, issued in August 2008, mentions a 
different set of secret studies.  This inconsistency represents, at a minimum, carelessness 
and a lack of respect for the public.   
 

5.3 Initiation of a Pool Fire  
 
The initiation of a pool fire would require the loss of water from a pool, and the absence 
of water makeup or spray cooling of the exposed fuel during the period while it heats up 
to the ignition temperature.  As stated above, that period would be just a few hours if fuel 
has been recently discharged from the reactor.  After ignition, water spray would be 
counterproductive, because it would feed a steam-zirconium reaction.   
 
Water could be lost from a spent-fuel pool through leakage, boiling, siphoning, pumping, 
displacement by objects falling into the pool, or overturning of the pool.  These modes of 
water loss could arise from events, alone or in combination, that include: (i) acts of 
malice by persons within or outside the plant boundary; (ii) an accidental aircraft impact; 
(iii) an earthquake; (iv) dropping of a fuel cask; (v) accidental fires or explosions; and 
(vi) a severe accident at an adjacent reactor that, through the spread of radioactive 
material and other influences, precludes the ongoing provision of cooling and/or water 
makeup to the pool.   
 
Given the major consequences of a pool fire, analyses should have been performed to 
examine pool-fire scenarios across a full range of initiating events.  NRC has devoted 
substantial attention and resources to the examination of reactor-core-damage scenarios, 
through studies such as NUREG-1150.68  Neither NRC nor the nuclear industry has 
conducted a comparable, comprehensive study of pool fires.  In the absence of such a 
study, this report provides illustrative analysis of selected issues.   

                                                                                                                                                 
entirely secret, was prepared in November 2006 and titled Mitigation of Spent Fuel Pool Loss-of-Coolant 
Inventory Accidents and Extension of Reference Plant Analyses to Other Spent Fuel Pools.  It is said to be a 
Letter Report, implying that it is comparatively short.  The other report was available from NRC's ADAMS 
document archive in a severely redacted version; when obtained, it was revealed to be a June 2003 draft 
report titled MELCOR 1.8.5 Separate Effect Analyses of Spent Fuel Pool Assembly Accident Response.  
Footnote 6 describes the latter report, illogically, as “a version of the Sandia Studies”.   
68 NRC, 1990b.   
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The NUREG-1353 estimate of pool-fire probability 
 
As discussed above, the NRC document NUREG-1353 was deficient in various respects.  
It did, however, provide an estimate for the probability of a pool fire at a PWR plant.  
That estimate is 2 per million reactor-years.69  NRC has not issued a revised estimate for 
that probability.  Thus, it is appropriate to examine the implications of the NUREG-1353 
estimate for pool-fire risk.  IRSS performs such an examination, as described below.  It 
does not follow that IRSS accepts the NUREG-1353 probability estimate as definitive.   
 

A pool fire accompanied by a reactor accident 
 
At a typical US nuclear power plant, the spent-fuel pool is outside but immediately 
adjacent to the reactor containment, and shares some essential support systems with the 
reactor.  Thus, it is important to consider potential interactions between the pool and the 
reactor in the context of accidents.  There could be at least three types of interaction.  
First, a pool fire and a core-damage accident could occur together, with a common cause.  
For example, a severe earthquake could cause leakage of water from the pool, while also 
damaging the reactor and its supporting systems to such an extent that a core-damage 
accident occurs.  Second, the high radiation field produced by a pool fire could initiate or 
exacerbate an accident at the reactor by precluding the presence and functioning of 
operating personnel.  Third, the high radiation field produced by a core-damage accident 
could initiate or exacerbate a pool fire, again by precluding the presence and functioning 
of operating personnel.  Many core-damage sequences would involve the interruption of 
cooling to the pool, which would call for the presence of personnel to provide makeup 
water or spray cooling of exposed fuel.   
 
The third type of interaction was considered in a license-amendment proceeding in regard 
to expansion of spent-fuel-pool capacity at the Harris nuclear power plant.  There were 
three parties to the proceeding – the NRC Staff, Carolina Power and Light (CP&L), and 
Orange County.  The Harris plant has one reactor and four pools.  The reactor – a PWR – 
is in a cylindrical, domed containment building.  The four pools are in a separate, 
adjacent building that was originally intended to serve four reactors.  Only one reactor 
was built.  Two pools were in use at high density prior to the proceeding, and the 
proceeding addressed the activation of the two remaining pools, also at high density.   
 
During the proceeding, the Atomic Safety and Licensing Board (ASLB) determined that 
the potential for a pool fire should be considered, and ordered the three parties to analyze 
a single scenario for such a fire.70  In the ASLB's postulated scenario, a severe accident at 
the Harris reactor would contaminate the Harris site with radioactive material to an extent 
that would preclude actions needed to supply cooling and makeup to the Harris pools.  

                                                 
69 Throm, 1989, Table 4.7.1.   
70 ASLB, 2000.   
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Thereafter, the pools would boil and dry out, and fuel within the pools would burn.  
Following the ALSB's order, Orange County submitted a report by this author. 71  The 
NRC Staff submitted an affidavit by members of the Staff.72  CP&L – the licensee – 
submitted a document prepared by ERIN Engineering.73   
 
Orange County's analysis found that the minimum value for the best estimate of a pool 
fire, for the ASLB's postulated scenario, is 1.6 per 100 thousand reactor-years.  That 
estimate did not account for acts of malice, degraded standards of plant operation, or 
gross errors in design, construction or operation.  The NRC Staff estimated, for the same 
scenario, that the probability of a pool fire is on the order of 2 per 10 million reactor-
years.  The ASLB accepted the Staff's estimate, thereby concluding that, for the particular 
configuration of the Harris plant, the postulated scenario is "remote and speculative"; the 
ASLB then terminated the proceeding without conducting an evidentiary hearing.74  
Elsewhere, the author has described deficiencies in the ASLB's ruling.75   
 
One reason for the difference in the probability estimates proffered by Orange County 
and the NRC Staff was their differing assessments of the spread of radioactive material 
from the reactor containment building to the separate, adjacent pool building.  The Staff 
agreed with Orange County on some other matters.  For example, the Staff reversed its 
previous, erroneous position that comparatively long-discharged fuel will not ignite in the 
event of water loss from a high-density pool.  NRC Staff members stated that loss of 
water from pools containing fuel aged less than 5 years "would almost certainly result in 
an exothermic reaction", and also stated: "Precisely how old the fuel has to be to prevent 
a fire is still not resolved."76  Moreover, the Staff assumed that a fire would be inevitable 
if the water level fell to the top of the racks.   
 
Most importantly for present purposes, the technical submissions of all three parties 
agreed that the onset of a pool fire in two of the pools in the Harris pool building would 
preclude the provision of cooling and water makeup to the other two pools.  This effect 
would arise from the spread of hot gases and radioactive material throughout the pool 
building, which would preclude access by operating personnel.  Thus, the pools not 
involved in the initial fire would boil and dry out, and their fuel would burn.  The parties' 
agreement on this point established that the radiation field created by an accident at one 
part of a nuclear power plant could, by precluding access by personnel, cause an accident 
at another part of the plant.  Whether or not this effect would occur in a particular 
scenario would depend on the specific configuration of the plant and the characteristics of 
the scenario.   
 

                                                 
71 Thompson, 2000.   
72 Parry et al, 2000.   
73 ERIN, 2000.  
74 ASLB, 2001.   
75 Thompson, 2001b.   
76 Parry et al, 2000, paragraph 29.   
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Interactions between a core-damage accident and a pool fire could be especially 
important in the context of an attack from outside and/or inside the plant.  Attackers 
could, either deliberately or inadvertently, release radioactive material from one facility 
(e.g., a reactor) that precludes personnel access to other facilities (e.g., a pool), thereby 
initiating accidents at those facilities.  This matter is discussed in Section 7, below.   
 

Sabotage analysis in NUREG-0575 
 
IRSS is aware of one instance in which NRC published an analysis of the impacts of 
deliberate, malicious actions at a spent-fuel pool.  Such an analysis was provided in 
NUREG-0575, the August 1979 GEIS on handling and storage of spent fuel.  That 
analysis is discussed further in Section 7, below.   
 

5.4 Pool Fires in a SAMA Context 
 
When the licensee of a commercial reactor applies for a license extension, the licensee is 
required to examine a set of Severe Accident Mitigation Alternatives (SAMAs) that could 
reduce risk.  For each SAMA, a "benefit" is determined by estimating the amount by 
which this SAMA would, if adopted, reduce the present value of cost risk of reactor 
operation.  The cost of implementing the SAMA is also estimated.  If the benefit exceeds 
the cost, the SAMA is determined to be "cost effective".   
 
The "present value of cost risk" is estimated as follows.  First, the annual risk of core-
damage events at the reactor is assessed, considering only conventional accidents.  That 
risk is framed in terms of the monetized offsite and onsite costs of a set of potential 
atmospheric releases of radioactive material, multiplied for each release by its estimated 
annual probability.  Then, the annual risk is summed (with discounting) over the 20-year 
period of license extension.  The resulting indicator is the present value of cost risk for 
the reactor.  Various assumptions and approximations are used during the estimation of 
this indicator.77   
 
NRC does not require that spent-fuel-pool fires be considered in SAMA analyses.  There 
is, however, no logical basis for that position.  To illustrate, Table 5-1 shows the 
estimated present value of cost risk for the reactors and spent-fuel pools at the Indian 
Point site.  The table shows that the present value of cost risk is greatest for a pool fire, 
even without considering the onsite impacts of such a fire.   
 
In Table 5-1, the present value of cost risk for each reactor is an estimate by the licensee.  
For each pool, the present value of cost risk derives from two sources.  First, it derives 
from an estimate of pool-fire probability that NRC set forth in NUREG-1353 and has not 
repudiated.  Second, it derives from an estimate by Beyea et al of the offsite costs arising 

                                                 
77 IRSS does not necessarily accept any of the assumptions and approximations used in SAMA analyses.   
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from an atmospheric release of 35 MCi of cesium-137.  (See the source term discussion 
in Section 5.2, above.)   
 
Beyea et al estimate the offsite costs of a 35 MCi release of cesium-137 from the Indian 
Point site to be $461 billion.78  Their study identifies a number of factors that, if 
considered, could increase the estimated costs.  A further increase would occur if indirect 
impacts of the release were considered.  Indirect economic impacts would include: (i) 
loss of market share for products from the region and across the US, due to stigma 
effects; (ii) loss of tourist revenue in the region and across the US, due to stigma effects; 
(iii) prolonged, costly litigation that retards recovery from the event; and (iv) loss of 
confidence in regional and national stability and governance, causing outflow of capital 
and skilled labor.   
 
Consideration of pool fires in a SAMA context is addressed further in Sections 7 and 8, 
below.   
 
6. Potential for Radioactive Release from an ISFSI 
 
At an ISFSI, spent fuel is stored in modules.  The inner portion of each module is a 
sealed, cylindrical multi-purpose canister (MPC) made of stainless steel.  Spent fuel 
assemblies are stored inside the MPC, in a helium atmosphere.  The MPC is placed inside 
an overpack made of concrete and steel.  The overpack is penetrated by vents that allow 
ambient air to circulate over the MPC by natural convection, thereby removing heat that 
is generated in the fuel assemblies by radioactive decay.   
 
Holtec's HI-STORM 100SA module, scheduled for use at the Diablo canyon ISFSI, is a 
typical module.  This module takes the form of a cylinder with a vertical axis, anchored 
to a concrete pad in the open air.  The overpack has an outer diameter of 3.7 meters and a 
height of 5.9 meters.  Its outer, carbon steel shell is about 3/4 inch (2 cm) thick, the inner 
shell is about 11/4 inch (3 cm) thick, and the space between these shells is filled by about 
27 inches (69 cm) of concrete (details vary by module version).79  That is a robust 
structure in terms of its resistance to natural forces (e.g., tornado-driven missiles), but not 
in terms of its ability to withstand penetration by weapons available to sub-national 
groups.  The cylindrical wall of the MPC is about 1/2 inch (1.3 cm) thick, and could be 
readily penetrated by available weapons.  The spent fuel assemblies inside the MPC are 
composed of long, narrow tubes made of zirconium alloy, inside which uranium oxide 
fuel pellets are stacked.  The walls of the tubes (the fuel cladding) are about 0.023 inch 
(0.6 mm) thick.  Zirconium is a flammable metal.  In finely divided form, it is used in 
military incendiary devices.   
 

                                                 
78 Beyea et al, 2004.   
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One type of scenario for an atmospheric release from an ISFSI module would involve 
mechanical loading of the module in a manner that creates a comparatively small hole in 
the MPC.  The loading could arise, for example, from the air blast produced by a nearby 
explosion, or from the impact of an aircraft or missile.  If the loading were sufficient to 
puncture the MPC, it would also shake the spent fuel assemblies and damage their 
cladding.   
 
Table 6-1 addresses the "blowdown" (escape of helium and gases) of an MPC that has 
been subjected to a loading pulse sufficient to cause a comparatively small hole.  The 
table shows that, for a hole with an equivalent diameter of 2.3 mm, radioactive gases and 
particles released during the blowdown would yield an inhalation dose (CEDE) of 6.3 
rem to a person 900 m downwind from the release.  Most of that dose would be 
attributable to release of two-millionths (1.9E-06) of the MPC's inventory of 
radioisotopes in the "fines" category.   
 
Another type of scenario for an atmospheric release would involve the creation of one or 
more holes in an MPC, with a size and position that allows ingress and egress of air.  In 
addition, the scenario would involve the ignition of incendiary material inside the MPC, 
causing ignition and sustained burning of the zirconium alloy cladding of the spent fuel.  
Heat produced by burning of the cladding would release volatile radioactive material to 
the atmosphere.  Illustrative calculations in Table 6-2 show that heat from combustion of 
cladding would be ample to raise the temperature of adjacent fuel pellets to well above 
the boiling point of cesium.   
 
Note from Table 3-2 that a typical ISFSI module would contain 1.3 MCi of cesium-137, 
about half the amount of cesium-137 released during the Chernobyl reactor accident of 
1986.  Most of the offsite radiation exposure from the Chernobyl accident was due to 
cesium-137.  Thus, a fire inside an ISFSI module, as described in the preceding 
paragraph, could cause significant radiological harm.  The potential for deliberate 
creation of such a fire is discussed in Section 7, below.   
 
7. Potential for Attack on a Commercial Nuclear Facility 
 

7.1 The General Threat Environment 
 
The potential for a deliberate attack on a commercial nuclear facility arises within a 
larger context, namely the general threat environment for the US homeland.  That 
environment reflects, in turn, a complex set of factors operating internationally.   
 
As discussed in Section 2, above, we can expect that existing commercial reactors will 
operate in close proximity to pools, packed with spent fuel at high density to nearly their 
full capacity, for future periods as long as 46 years.   That situation could persist into the 
22nd century if new reactors are commissioned and employ the present strategy for 
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storing spent fuel.  Thus, in assessing the risk of malice-induced accidents affecting spent 
fuel, one should consider the general threat environment over the next century.   
 

The threat from sub-national groups 
 
The US homeland has not been attacked by another nation since World War II.  One 
factor behind this outcome has been the US deployment of military forces with a high 
capability for counter-attack.  There have, however, been significant attacks on the US 
homeland and other US assets by sub-national groups since World War II.  Such attacks 
are typically not deterred by US capability for counter-attack, because the attacking 
group has no identifiable territory.  Indeed, sub-national groups may attack US assets 
with the specific purpose of prompting US counter-attacks that harm innocent persons, 
thereby undermining the global political position of the US.   
 
Attacks on the homeland by sub-national groups in recent decades include vehicle 
bombings of the World Trade Center in New York in February 1993 and the Murrah 
Federal building in Oklahoma City in April 1995, and aircraft attacks on the World Trade 
Center and the Pentagon in September 2001.  Outside the homeland, attacks on US assets 
by sub-national groups have included vehicle-bomb attacks on a Marine barracks in 
Beirut in October 1983 and embassies in Tanzania and Kenya in August 1998, and a 
boat-bomb attack on the USS Cole in October 2000.  Sub-national groups have 
repeatedly attacked US and allied forces in Iraq and Afghanistan.   
 
In many of these incidents, the attacking group has been based outside the US.  An 
exception was the Oklahoma City bombing, where the attacking group was domestic in 
both its composition and its motives.  There is concern that future attacks within the US 
may be made by groups that are domestically based but have linkages to, or sympathy 
with, interests outside the US.  This phenomenon was exhibited in London in July 2005, 
when young men born in the UK conducted suicide bombings in underground trains and 
a bus.   
 
Reducing the risk of attack by sub-national groups requires a sophisticated, multi-faceted 
and sustained policy.  An unbalanced policy can be ineffective or counterproductive.  
After September 2001, the US government implemented a policy that was heavily 
weighted toward offensive military action.  Evidence has accumulated that this policy has 
been significantly counterproductive.  Table 7-1 provides a sample of the evidence.  The 
table shows public-opinion data from four Muslim-majority countries (Morocco, Egypt, 
Pakistan, Indonesia).  In each country, a majority (ranging from 53 percent of 
respondents in Indonesia to 86 percent in Egypt) believes that the primary goal of the US 
"war on terrorism" is to weaken Islam or control Middle East resources (oil and natural 
gas).  One expression of this belief is that substantial numbers of people (ranging from 19 
percent of respondents in Indonesia to 91 percent in Egypt) approve of attacks on US 



Environmental Impacts of Storing SNF & HLW from Commercial Nuclear Reactors:  
A Critique of NRC's Waste Confidence Decision & Environmental Impact Determination 

A Report by IRSS, February 2009  
Page 32 

 
troops in Iraq.  Smaller numbers of people (ranging from 4 to 7 percent of respondents) 
approve of attacks on civilians in the US.80   
 
The great majority of people, in these four countries and elsewhere, will not participate in 
attacks on US assets.  However, there are consequences when millions of people believe 
that the US seeks to undermine their religion and culture and control their resources.  
Among other consequences, this belief creates a social climate that can help sub-national 
groups to form and to acquire the skills, funds and equipment they need in order to mount 
attacks.  From a US perspective, such groups are "terrorists".  Within their own cultures, 
they may be seen as soldiers engaged in "asymmetric warfare" with a powerful enemy.   
 
Many experts who study these issues see a substantial probability that the US homeland 
will, over the coming years, be subjected to an attack comparable in severity to the attack 
of September 2001.  Table 7-2 summarizes the judgment of a selected group of experts 
on this matter.   
 

The threat environment over the coming decades 
 
As mentioned above, an assessment of the risk of malice-induced accidents affecting 
spent fuel should consider the general threat environment over the next century.  
Forecasting trends in the threat environment over such a period is a daunting exercise, 
with inevitably uncertain findings.  Nevertheless, a decision about the design and mode 
of operation of a nuclear facility must reflect either an implicit or an explicit forecast of 
trends in the general threat environment.  It is preferable that the forecast be explicit, and 
global in scope, because the US cannot be insulated from broad trends in violent conflict 
and social disorder.   
 
Numerous analysts – in academia, government and business – are involved in efforts to 
forecast possible worldwide trends that pertain to violence.  These efforts rarely attempt 
to look forward more than one or two decades.  Two examples are illustrative.  First, a 
group based at the University of Maryland tracks a variety of indicators for most of the 
countries in the world, in a data base that extends back to 1950 and earlier.  Using these 
data, the group periodically provides country-level assessments of the potential for 
outbreaks of violent conflict.81  Second, the RAND corporation has conducted a literature 
review and assessment of potential worldwide trends that would be adverse for US 
national security.82   
 
Several decades ago, some analysts of potential futures began taking an integrated world 
view, in which social and economic trends are considered in the context of a finite planet.  
In this view, trends in population, resource consumption and environmental degradation 
can be significant, or even dominant, determinants of the options available to human 
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societies.  A well-known, early example of this genre is the Limits to Growth study, 
sponsored by the Club of Rome, which modeled world trends by using systems 
dynamics.83  A more recent example is the work of the Global Scenario group, convened 
by the Stockholm Environment Institute (SEI).84  This work was informed by systems-
dynamics thinking, but focused on identifying the qualitative characteristics of possible 
future worldwide scenarios for human civilization.  SEI identified three types of scenario, 
with two variants of each type, as shown in Table 7-3.  The Conventional Worlds 
scenario has Market Forces and Policy Reform variants, the Barbarization scenario has 
Breakdown and Fortress World variants, while the Great Transitions scenario has Eco-
Communalism and New Sustainability Paradigm variants.   
 
The SEI scenarios provide a useful framework for considering the paths that human 
civilization could follow during the next century and beyond.  Not all paths are possible.  
Notably, continued trends of resource depletion and irreversible degradation of 
ecosystems would limit the range of options available to succeeding generations.  
Similarly, destruction of human and industrial capital through large-scale warfare could 
inhibit economic and social recovery for many generations.   
 
At present, the dominant world paradigm corresponds to the Market Forces scenario.  
Policy Reform is pursued at the rhetorical level, but is weakly implemented in practice.  
In parts of the world, notably in Africa, the Breakdown scenario is already operative.  
Aspects of the Fortress World scenario are also evident, and are likely to become more 
prominent if trends of resource depletion and ecosystem degradation continue, especially 
if major powers reject the dictates of sustainability and use armed force to secure 
resources.  One sign of resource depletion is a growing body of analysis that predicts a 
peak in world oil production within the next few decades.85  This prediction is sobering in 
view of the prominent role played by oil in the origins and conduct of war in the 20th 
century.86  A now-familiar sign of ecosystem degradation is anthropogenic, global 
climate change.  Analysts are considering the potential for climate change to promote, 
through its adverse impacts, social disorder and violence.87  Other manifestations of 
ecosystem degradation are also significant.  The recent Millennium Ecosystem 
Assessment determined that 15 out of the 24 ecosystem services that it examined "are 
being degraded or used unsustainably, including fresh water, capture fisheries, air and 
water purification, and the regulation of regional and local climate, natural hazards, and 
pests".88  According to analysts at the United Nations University in Bonn, continuation of 
such trends could create up to 50 million environmental refugees by the end of the 
decade.89   

                                                 
83 Meadows et al, 1972.   
84 Raskin et al, 2002.   
85 Hirsch et al, 2005; GAO, 2007.   
86 Yergin, 1991.   
87 Gilman et al, 2007; Campbell et al, 2007; Smith and Vivekananda, 2007.   
88 MEA, 2005, page 1.   
89 Adam, 2005.   
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At present, human population and material consumption per capita are growing to a 
degree that visibly stresses the biosphere.  Moreover, ecosystem degradation and resource 
depletion coexist with economic inequality, increasing availability of sophisticated 
weapons technology, and an immature system of global governance.  Major powers are 
doing little to address these problems.  It seems unlikely that these imbalances and 
sources of instability will persist at such a scale during the remainder of the 21st century 
without major change occurring.  That change could take various forms, but two broad-
brush scenarios can illustrate the range of possible outcomes.  In one scenario, there 
would be a transition to a civilization similar to the New Sustainability Paradigm 
articulated by SEI.  That civilization would be comparatively peaceful and 
technologically sophisticated.  Alternatively, the world could descend into a form of 
barbarism such as the Fortress World scenario articulated by SEI.  That society might be 
locally prosperous, within enclaves, but would be violent and unstable.   
 
In assessing the likelihood of malicious actions at a nuclear facility, it would be prudent 
to adopt a pessimistic assumption of the potential for violent conflict in the future.  Using 
SEI terminology, one could assume a Fortress World scenario with a high incidence of 
violent conflict of a type that involves sophisticated weapons and tactics.  Violence might 
be perpetrated by national governments or by sub-national groups.  A RAND corporation 
analyst has contemplated such a future in the following terms:90   
 

"A dangerous world may offer an insidious combination of nineteenth-century 
politics, twentieth-century passions, and twenty-first century technology: an 
explosive mixture of multipolarity, nationalism, and advanced technology."   

 
7.2 National Policy and Practice on Homeland Security 

 
To mount an effective response to the general threat environment for the US homeland, 
the nation needs a coherent homeland-security strategy that links responses to an array of 
specific threats, such as the potential for a deliberate attack on a commercial nuclear 
facility.  As discussed below, there are deficiencies in the strategy that has been 
implemented.  The nominal strategy was articulated by the White House in the National 
Strategy for Homeland Security, first published in July 2002 and updated in October 
2007.  That document sets forth four major goals:91   
 

"• Prevent and disrupt terrorist attacks; 
• Protect the American people, our critical infrastructure, and key resources;  
• Respond to and recover from incidents that do occur; and 
• Continue to strengthen the foundation to ensure our long-term success."   

 

                                                 
90 Kugler, 1995, page 279.   
91 White House, 2007, page 1.   
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The document defines critical infrastructure as including "the assets, systems, and 
networks, whether physical or virtual, so vital to the United States that their 
incapacitation or destruction would have a debilitating effect on security, national 
economic security, public health or safety, or any combination thereof".92  Commercial 
nuclear reactors and their spent fuel are identified in the document as elements of the 
nation's critical infrastructure and key resources.   
 

Protecting critical infrastructure 
 
The US Department of Homeland Security has issued the National Infrastructure 
Protection Plan (NIPP), whose purpose is to provide "the unifying structure for the 
integration of critical infrastructure and key resources (CI/KR) protection into a single 
national program".93  Other Federal agencies, including NRC, have confirmed their 
acceptance of the NIPP.   
 
The NIPP identifies three purposes of measures to protect critical infrastructure and key 
resources: (i) deter the threat; (ii) mitigate vulnerabilities; and (iii) minimize 
consequences associated with an attack or other incident.  The NIPP identifies a range of 
protective measures as follows:94   
 

"Protection can include a wide range of activities such as improving business 
protocols, hardening facilities, building resiliency and redundancy, incorporating 
hazard resistance into initial facility design, initiating active or passive 
countermeasures, installing security systems, leveraging "self-healing" 
technologies, promoting workforce surety programs, or implementing cyber 
security measures, among various others".   

 
Protective measures of these types could significantly reduce the probability that an 
attack would be successful.  Such measures could, therefore, "deter" attacks by altering 
attackers' cost-benefit calculations.  That form of deterrence is different from deterrence 
attributable to an attacked party's capability to counter-attack.  For convenience, the two 
forms of deterrence are described hereafter as "protective deterrence" and "counter-attack 
deterrence".  It should be noted that the effective functioning of both forms of deterrence 
requires that: (i) potential attackers are aware of the deterrence strategy; and (ii) the 
deterrence strategy is technically credible.  That requirement means that the existence and 
capabilities of protective measures, such as those identified in the NIPP, should be widely 
advertised.  The technical details of a protective measure should, however, remain 
confidential if disclosure of those details would allow the measure to be defeated.   
 
From the statement quoted above, it is clear that the authors of the NIPP recognize the 
potential benefits of designing protective measures into a facility before it is constructed.  
                                                 
92 White House, 2007, page 25.   
93 DHS, 2006, page iii.   
94 DHS, 2006, page 7.   
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At the design stage, attributes such as resiliency, redundancy, hardening and passive 
operation can often be incorporated into a facility at a comparatively low incremental 
cost.  Capturing opportunities for low-cost enhancement of protective measures would 
allow decision makers to design against a more pessimistic (i.e., more prudent) threat 
assumption, thereby strengthening protective deterrence, reducing the costs of other 
security functions (e.g., guard forces), and enhancing civil liberties (e.g., by reducing the 
perceived need for measures such as wiretapping).  Moreover, incorporation of enhanced 
protective measures would often reduce risks associated with conventional accidents 
(e.g., fires), extreme natural events (e.g., earthquakes), or other challenges not directly 
attributable to human malice.   
 

Protective deterrence as part of a balanced policy for homeland security 
 
As mentioned above, reducing the risk of attack by sub-national groups requires a 
sophisticated, multi-faceted and sustained policy.  The policy must balance multiple 
factors operating within and beyond the homeland.  An unbalanced policy can be 
ineffective or counterproductive. 
 
A high-level task force convened by the Council on Foreign Relations (CFR) in 2002 
understood the need for a balanced policy for homeland security.95  One of the task 
force's major conclusions recognized the value of protective deterrence, while also 
recognizing that offensive military operations by the US could increase the risk of attack 
on the US.  The conclusion was as follows:96   
 

"Homeland security measures have deterrence value:  US 
counterterrorism initiatives abroad can be reinforced by making the US 
homeland a less tempting target.  We can transform the calculations of 
would-be terrorists by elevating the risk that (1) an attack on the United 
States will fail, and (2) the disruptive consequences of a successful attack 
will be minimal.  It is especially critical that we bolster this deterrent now 
since an inevitable consequence of the US government’s stepped-up 
military and diplomatic exertions will be to elevate the incentive to strike 
back before these efforts have their desired effect."   

 
The NIPP could support a vigorous national program of protective deterrence, as 
recommended by the CFR task force in 2002.  However, priorities of the US government 
have not been consistent with such a program.  Resources and attention devoted to 
offensive military operations are much larger than those devoted to the protection of 
critical infrastructure.97  The White House stated, in the National Strategy for Combating 

                                                 
95 Members of the task force included two former Secretaries of State, two former chairs of the Joint Chiefs 
of Staff, a former Director of the CIA and the FBI, two former US Senators, and other eminent persons.   
96 Hart et al, 2002, pp 14-15.   
97 Flynn, 2007.   
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Terrorism, issued in September 2006:98  "We have broken old orthodoxies that once 
confined our counterterrorism efforts primarily to the criminal justice domain."  In 
practice, that statement means that the US government has relied overwhelmingly on 
military means to reduce the risks of attacks on US assets by sub-national groups.  That 
policy has continued despite mounting evidence, as illustrated by Tables 7-1 and 7-2, that 
it is unbalanced and counterproductive.   
 
A well-informed analyst of homeland security has summarized national priorities in the 
following statement:99   
 

"Since the White House has chosen to combat terrorism as essentially a military 
and intelligence activity, it treats homeland security as a decidedly second-rate 
priority.  The job of everyday citizens is to just go about their lives, shopping and 
traveling, while the Pentagon, Central Intelligence Agency, and National Security 
Agency wage the war."   

 
Under the new Presidential administration, national priorities may shift, leading to greater 
emphasis on protective deterrence.  Unfortunately, critical-infrastructure facilities 
approved or constructed prior to that policy shift may lack the protective design features 
that are envisioned in the NIPP.  Persons responsible for the design or licensing of 
nuclear facilities could anticipate a national policy shift and take decisions accordingly.   
 
Section 8, below, discusses options and issues that should be considered in developing a 
balanced policy for protecting US critical infrastructure from attack by sub-national 
groups.  That discussion shows the potential benefits that could be gained by assigning a 
higher priority to protective deterrence.   
 

7.3 Commercial Nuclear Facilities as Potential Targets of Attack 
 
A sub-national group contemplating an attack within the US homeland would have a 
wide choice of targets.  Also, groups in that category could vary widely in terms of their 
capabilities and motivations.  In the context of potential attacks on nuclear facilities, the 
groups of concern are those that are comparatively sophisticated in their approach and 
comparatively well provided with funds and skills.  The group that attacked New York 
and Washington in September 2001 met this description.  A group of this type could 
choose to attack a US nuclear facility for one or both of two broad reasons.  First, the 
attack could be highly symbolic.  Second, the impacts of the attack could be severe.   

                                                 
98 White House, 2006, page 1.   
99 Flynn, 2007, page 11.   
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Nuclear facilities as symbolic targets 
 
From the symbolic perspective, commercial nuclear facilities are inevitably associated 
with nuclear weapons.  The association further extends to the United States' large and 
technically sophisticated capability for offensive military operations.  Application of that 
capability has aroused resentment in many parts of the world.  Although nuclear weapons 
have not been used by the United States since 1945, US political leaders have repeatedly 
threatened, implicitly or explicitly, to use nuclear weapons again.  Those threats coexist 
with efforts to deny nuclear weapons to other countries.  The US government justified its 
March 2003 invasion of Iraq in large part by the possibility that the Iraqi government 
might eventually deploy nuclear weapons.  There is speculation that the United States 
will attack nominally commercial nuclear facilities in Iran to forestall Iran's deployment 
of nuclear weapons.100  Yet, the US government rejects the constraint of its own nuclear 
weapons by international agreements such as the Non-Proliferation Treaty.101  As an 
approach to international security, this policy has been criticized by the director general 
of the International Atomic Energy Agency as "unsustainable and counterproductive".102  
It would be prudent to assume that this policy will motivate sub-national groups to 
respond asymmetrically to US nuclear superiority, possibly through an attack on a US 
commercial nuclear facility.   
 

Radiological impacts of an attack on a nuclear facility 
 
The impacts of an attack on a commercial nuclear facility could be severe because these 
facilities typically contain large amounts of radioactive material.  Release of this material 
to the environment could create a variety of severe impacts.  Also, as explained in 
Section 7.4, below, US nuclear facilities are provided with a defense that is "light" in a 
military sense.  Moreover, imprudent design choices have made a number of these 
facilities highly vulnerable to attack.  That combination of factors means that many US 
nuclear facilities can be regarded as potent radiological weapons that await activation by 
an enemy.   
 
As explained in Section 3, above, a facility's inventory of cesium-137 provides an 
indicator of the facility's potency as a radiological weapon.  Table 3-1 shows estimated 
amounts of cesium-137 in nuclear fuel in the Indian Point reactors and spent-fuel pools, 
and in one of the spent-fuel storage modules of the Indian Point ISFSI.  Table 3-2 
compares these amounts with atmospheric releases of cesium-137 from detonation of a 
10-kilotonne fission weapon, the Chernobyl reactor accident of 1986, and atmospheric 
testing of nuclear weapons.  These data show that release of a substantial fraction of the 
cesium-137 in a nuclear facility, such as those at Indian Point, would create 
comparatively large radiological consequences.  
                                                 
100 Hersh, 2006; Brzezinski, 2007.   
101 Deller, 2002; Scarry, 2002; Franceschini and Schaper, 2006.   
102 ElBaradei, 2004, page 9.   



Environmental Impacts of Storing SNF & HLW from Commercial Nuclear Reactors:  
A Critique of NRC's Waste Confidence Decision & Environmental Impact Determination 

A Report by IRSS, February 2009  
Page 39 

 
 

7.4 NRC's Approach to Nuclear-Facility Security 
 
A policy on protecting nuclear facilities from attack is laid down in NRC regulation 10 
CFR 50.13.  That regulation was promulgated in September 1967 by the US Atomic 
Energy Commission (AEC) – which preceded the NRC – and was upheld by the US 
Court of Appeals in August 1968.  It states:103   
 

"An applicant for a license to construct and operate a production or utilization 
facility, or for an amendment to such license, is not required to provide for design 
features or other measures for the specific purpose of protection against the 
effects of (a) attacks and destructive acts, including sabotage, directed against the 
facility by an enemy of the United States, whether a foreign government or other 
person, or (b) use or deployment of weapons incident to US defense activities."   

 
Some readers might interpret 10 CFR 50.13 to mean that licensees are not required to 
design or operate nuclear facilities to resist potential attacks by sub-national groups.  The 
NRC has rejected that interpretation in the context of vehicle-bomb attacks, stating:104   
 

"It is simply not the case that a vehicle bomb attack on a nuclear power plant 
would almost certainly represent an attack by an enemy of the United States, 
within the meaning of that phrase in 10 CFR 50.13."   

 
Events have obliged the NRC to progressively require greater protection against attacks 
by sub-national groups.  A series of events, including the 1993 vehicle-bomb attack on 
the World Trade Center in New York, persuaded the NRC to introduce, in 1994, 
regulatory amendments requiring licensees to defend nuclear power plants against vehicle 
bombs.105  The attacks on New York and Washington in September 2001 led the NRC to 
require additional protective measures.   
 
With rare exceptions, the NRC has refused to consider potential malicious actions in the 
context of license proceedings or environmental impact statements.  The NRC's policy on 
this matter is illustrated by a September 1982 ruling by the Atomic Safety and Licensing 
Board in the operating-license proceeding for the Harris nuclear power plant.  An 
intervenor, Wells Eddleman, had proffered a contention alleging, in part, that the plant's 
safety analysis was deficient because it did not consider the "consequences of terrorists 
commandeering a very large airplane.....and diving it into the containment."  In refusing 
to consider this contention, the ASLB stated:106   
 

                                                 
103 Federal Register, Vol. 32, 26 September 1967, page 13445.   
104 NRC, 1994, page 38893.   
105 NRC, 1994.   
106 ASLB, 1982.   
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"This part of the contention is barred by 10 CFR 50.13.  This rule must be read in 
pari materia with 10 CFR 73.1(a)(1), which describes the "design basis threat" 
against which commercial power reactors are required to be protected.  Under 
that provision, a plant's security plan must be designed to cope with a violent 
external assault by "several persons," equipped with light, portable weapons, such 
as hand-held automatic weapons, explosives, incapacitating agents, and the like.  
Read in the light of section 73.1, the principal thrust of section 50.13 is that 
military style attacks with heavier weapons are not a part of the design basis threat 
for commercial reactors.  Reactors could not be effectively protected against such 
attacks without turning them into virtually impregnable fortresses at much higher 
cost.  Thus Applicants are not required to design against such things as artillery 
bombardments, missiles with nuclear warheads, or kamikaze dives by large 
airplanes, despite the fact that such attacks would damage and may well destroy a 
commercial reactor."   

 
The design basis threat 

 
The NRC requires its licensees to defend against a design basis threat (DBT), a 
postulated attack that has become more severe over time.  The present DBT for nuclear 
power plants was promulgated in January 2007.  Details are not publicly available.  (The 
NRC publishes a summary description, which is provided below.)  The present DBT is 
similar to one ordered by the NRC in April 2003.107  At that time, the NRC described its 
order as follows:108   
 

"The Order that imposes revisions to the Design Basis Threat requires power 
plants to implement additional protective actions to protect against sabotage by 
terrorists and other adversaries.  The details of the design basis threat are 
safeguards information pursuant to Section 147 of the Atomic Energy Act and 
will not be released to the public.  This Order builds on the changes made by the 
Commission's February 25, 2002 Order.  The Commission believes that this DBT 
represents the largest reasonable threat against which a regulated private security 
force should be expected to defend under existing law."   

 
From that statement, and from other published information, it is evident that the NRC 
requires a comparatively "light" defense for nuclear power plants and their spent fuel.  
The scope of the defense does not reflect a full spectrum of threats.  Instead, it reflects a 
consensus about the level of threat that licensees can "reasonably" be expected to 
resist.109  In illustration of this approach, when the NRC adopted the currently-applicable 
DBT rule in January 2007, it stated that the rule "does not require protection against a 
deliberate hit by a large aircraft", and that "active protection [of nuclear power plants] 

                                                 
107 NRC Press Release No. 07-012, 29 January 2007.   
108 NRC Press Release No. 03-053, 29 April 2003.   
109 Fertel, 2006; Wells, 2006; Brian, 2006.   
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against airborne threats is addressed by other federal organizations, including the 
military".110   
 
The present DBT for "radiological sabotage" at a nuclear power plant has the following 
published attributes:111   
 

"(i) A determined violent external assault, attack by stealth, or deceptive actions, 
including diversionary actions, by an adversary force capable of operating in each 
of the following modes: A single group attacking through one entry point, 
multiple groups attacking through multiple entry points, a combination of one or 
more groups and one or more individuals attacking through multiple entry points, 
or individuals attacking through separate entry points, with the following 
attributes, assistance and equipment:   
 

(A) Well-trained (including military training and skills) and dedicated 
individuals, willing to kill or be killed, with sufficient knowledge to 
identify specific equipment or locations necessary for a successful attack;  
(B) Active (e.g., facilitate entrance and exit, disable alarms and 
communications, participate in violent attack) or passive (e.g., provide 
information), or both, knowledgeable inside assistance;  
(C) Suitable weapons, including handheld automatic weapons, equipped 
with silencers and having effective long range accuracy;  
(D) Hand-carried equipment, including incapacitating agents and 
explosives for use as tools of entry or for otherwise destroying reactor, 
facility, transporter, or container integrity or features of the safeguards 
system; and  
(E) Land and water vehicles, which could be used for transporting 
personnel and their hand-carried equipment to the proximity of vital areas; 
and 

 
(ii) An internal threat; and 
(iii) A land vehicle bomb assault, which may be coordinated with an external 
assault; and 
(iv) A waterborne vehicle bomb assault, which may be coordinated with an 
external assault; and 
(v) A cyber attack."   

 
That DBT seems impressive, and is more demanding than previously-published DBTs.  
However, the DBT cannot be highly demanding in practice, given the equipment that the 
NRC requires for a security force.  Major items of required equipment are semiautomatic 
rifles, shotguns, semiautomatic pistols, bullet-resistant vests, gas masks, and flares for 

                                                 
110 NRC Press Release No. 07-012, 29 January 2007. 
111 10 CFR 73.1 Purpose and scope, accessed from the NRC web site (www.nrc.gov) on 14 June 2007.   
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night vision.112  Plausible attacks could overwhelm a security force equipped in this 
manner.  Also, press reports state that the assumed attacking force contains no more than 
six persons.113  The average US nuclear-plant site employs about 77 security personnel, 
covering multiple shifts.114  Thus, comparatively few guards are on duty at any given 
time.115   
 
Table 7-4 sets forth some potential modes and instruments of attack on a nuclear power 
plant, and summarizes the present defenses against these modes and instruments.  That 
table shows that a variety of potential attack scenarios could not be effectively resisted by 
present defenses.  Illustrative scenarios are discussed, in a general sense, in Section 7.5, 
below.   
 

Protective deterrence and the NRC 
 
A rationale for the present level of protection of nuclear facilities was articulated by the 
NRC chair, Richard Meserve, in 2002:116   
 

"If we allow terrorist threats to determine what we build and what we 
operate, we will retreat into the past – back to an era without suspension 
bridges, harbor tunnels, stadiums, or hydroelectric dams, let alone 
skyscrapers, liquid-natural-gas terminals, chemical factories, or nuclear 
power plants.  We cannot eliminate the terrorists’ targets, but instead we 
must eliminate the terrorists themselves.  A strategy of risk avoidance – 
the elimination of the threat by the elimination of potential targets – does 
not reflect a sound response."   

 
That statement shows no understanding of the need for a balanced policy to protect 
critical infrastructure, employing the principles of protective deterrence.  There is 
considerable potential to embody those principles in the design of nuclear facilities, 
especially new facilities.  It has been known for decades that nuclear power plants could 
be designed to be more robust against attack.  For example, in the early 1980s the reactor 
vendor ASEA-Atom developed a preliminary design for an "intrinsically safe" 
commercial reactor known as the PIUS reactor.  Passive-safety design principles were 
used.  The design basis for the PIUS reactor included events such as equipment failures, 
operator errors and earthquakes, but also included: (i) takeover of the plant for one 
operating shift by knowledgeable saboteurs equipped with large amounts of explosives; 

                                                 
112 10 CFR 73 Appendix B – General Criteria for Security Personnel, Section V, accessed from the NRC 
web site (www.nrc.gov) on 14 June 2007.   
113 Hebert, 2007.   
114 Holt and Andrews, 2006.   
115 If each member of a 77-person security force were on duty 40 hours/week for 42 weeks/year (allowing 
10 weeks/year for vacation, illness, training, etc.), the average number of persons on duty at any time 
would be 15.   
116 Meserve, 2002, page 22.   
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(ii) aerial bombardment with 1,000-pound bombs; and (iii) abandonment of the plant by 
the operators for one week.117   
 

Consideration of malicious actions in environmental impact statements 
 
NRC has generally refused to consider potential malicious actions in environmental 
impact statements.  An exception is NRC's August 1979 GEIS on handling and storage of 
spent fuel (NUREG-0575), which considered potential sabotage events at a spent-fuel 
pool.118  Table 7-5 describes the postulated events, which encompass the detonation of 
explosive charges in the pool, breaching of the walls of the pool building and the pool 
floor by explosive charges or other means, and takeover of the central control room for 
one half-hour.  Involvement of up to about 80 adversaries is implied.   
 
NUREG-0575 did not recognize the potential for an attack with these attributes to cause a 
fire in the pool.119  Technically-informed attackers operating within this envelope of 
attributes could cause a fire in a spent-fuel pool at any operating nuclear power plant in 
the USA.120  Informed attackers could use explosives, and their command of the control 
room for one half-hour, to drain water from the pool and release radioactive material 
from the adjacent reactor.  The radiation field from the reactor release and the drained 
pool could preclude personnel access, thus precluding recovery actions if command of 
the plant were returned to the operators after one half-hour.  Exposure of spent fuel to air 
could initiate a fire that would release to the atmosphere a large fraction of the pool's 
inventory of cesium-137.121   
 
Pursuant to a ruling obtained from the 9th Circuit of the US Court of Appeals by San 
Luis Obispo Mothers for Peace (SLOMFP), in 2007 the NRC Staff issued a Supplement 
to its October 2003 Environmental Assessment (EA) for a proposed ISFSI at the Diablo 
Canyon site.  The Supplement purported to address the risk of potential malicious actions 
at the ISFSI.  A draft version of the Supplement was issued in May 2007 and a final 
version was issued in August 2007.122  IRSS prepared a detailed review of the draft 
version and a short review of the final version.123  There was little change from the draft 
to the final version.  Both versions exhibited grave deficiencies.  Neither version 
provided a credible assessment of the risks of potential malicious actions.  In October 
2008 the NRC Commissioners rejected arguments submitted by SLMOFP regarding 

                                                 
117 Hannerz, 1983.   
118 NRC, 1979, Section 5 and Appendix J.   
119 The sabotage events postulated in NUREG-0575 yielded comparatively small estimated radioactive 
releases.   
120 Spent-fuel pools at all US nuclear power plants are currently equipped with high-density racks.  Loss of 
water from such a pool would, over a wide range of water-loss scenarios, lead to ignition and burning of 
spent fuel assemblies.   
121 Alvarez et al, 2003; Thompson, 2006; NAS, 2006.   
122 NRC, 2007a; NRC, 2007b.   
123 Thompson, 2007a; Thompson, 2007b.   
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deficiencies in the EA, and ruled that an EIS is not required in this instance.124  
Commissioner Jaczko dissented strongly from the majority decision.125  The decision 
may be appealed.   
 
The NRC Staff has refused to implement the 9th Circuit ruling in regions of the USA, 
such as New York State, that do not fall under the jurisdiction of the 9th Circuit.  
Nevertheless, the US Environmental Protection Agency (EPA) has requested the NRC 
Staff to provide, in the EIS for license extension of the IP2 and IP3 plants, "an analysis of 
the impacts of intentional destructive acts (e.g., terrorism)".126  The EPA cites the 9th 
Circuit ruling as requiring such an analysis.   
 

7.5 Vulnerability of Typical Reactors, Pools and ISFSIs to Attack 
 
Here, the vulnerability of reactors, pools and ISFSIs to attack is discussed in two parts.  
First, the vulnerability of reactors and pools is addressed by examining the vulnerability 
of nuclear power plants.  Reactors and pools are, of course, components of those plants.  
Second, the vulnerability of ISFSIs is addressed, noting that most ISFSIs are at plant 
sites.   
 

Vulnerability of nuclear power plants 
 
Nuclear power plants in the USA were not designed to withstand an attack.  Nor were 
they designed to withstand a conventional accident involving damage to the reactor core.  
However, they employ comparatively massive structures.  Thus, they have some ability 
to survive an attack or a conventional core-damage accident without necessarily suffering 
a large release of radioactive material.  To assess the potential for release, a range of 
attack scenarios and conventional core-damage scenarios could be articulated, and an 
atmospheric source term could be estimated for each scenario.   
 
PRA techniques have been developed to examine conventional accident scenarios.  Those 
techniques could be adapted to examine attack scenarios, by postulating for each scenario 
an initiating event (the attack) and assessing the conditional probabilities and other 
characteristics of the various possible outcomes of that event.  The NRC employed that 
approach in developing its vehicle-bomb rule.127   
 
PRAs and related studies have been done for all US commercial reactors.  That work 
could be built upon to assess the vulnerability of these reactors to attack.  The analysis 
could be further extended to assess the risk of a pool fire arising from a conventional 
accident or attack, with consideration of pool-reactor interactions.  If done properly, the 
overall analysis could provide a comprehensive assessment of the risk posed by operation 
                                                 
124 This author prepared a declaration supporting SLOMFP's arguments.  See: Thompson, 2008b.   
125 NRC, 2008e.   
126 EPA, 2007.   
127 NRC, 1994.   
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of each US nuclear power plant.  Such an assessment could be performed without access 
to classified information, by using existing engineering knowledge and models, and by 
developing new models.  Published professional literature provides illustrations of 
analytic techniques that could be used.128   
 
Such a comprehensive assessment of risk does not exist.  If that assessment did exist, 
parts of it would not be appropriate for publication.  In the absence of such an 
assessment, IRSS provides here some illustrative analysis of the vulnerability of reactors 
and pools to attack.  The analysis is general and brief, to avoid disclosing sensitive 
information.  IRSS could expand upon this analysis if given the opportunity to do so in a 
protected setting.  It should be noted that skilled attackers could readily obtain or infer a 
much greater depth of knowledge about a plant's vulnerability than is provided here.   
 
Table 7-4 and the discussion in Section 7.4, above, show that a US nuclear power plant is 
provided with a comparatively light defense.  Thus, a sub-national group with personnel, 
resources and preparation time comparable to those involved in the September 2001 
attacks on New York and Washington could mount an attack with a substantial 
probability of success.   
 

Modes of attack on a nuclear power plant 
 
Consider the Indian Point site as an example.  An attack at that site might begin with 
actions that put the IP2 and/or IP3 plant in a compromised state and create stress for plant 
personnel.  For example, attackers could sever the site's electricity grid connection and 
disable the service water system without needing to penetrate the site boundary.  Due to a 
design deficiency at this site, lack of service water would disable the emergency diesel 
generators.  Thus, the site would lose its primary supplies of electricity and cooling 
water.  Additional actions, which could be accomplished by an insider, could then initiate 
a core-damage sequence.129  The attackers might be satisfied to achieve core damage, 
recognizing that core damage would not necessarily lead to a large release of radioactive 
material.  Alternatively, the attack plan might include actions that compromise the 
integrity of the reactor containment, in order to ensure a large atmospheric release.   
 
The IP2 (and IP3) containment structure is a reinforced concrete vertical cylinder topped 
by a hemispherical dome made of the same material.  The side walls are 4.5 feet thick 
with a 0.4 inch thick steel liner, and the dome is 3.5 feet thick with a 0.5 inch thick steel 
liner.130  By some standards, this is a robust structure.  It could, however, be readily 
breached using instruments of attack that are available to sub-national groups.  For 
example, Tables 7-6 and 7-7 show the capability of shaped charges.131   
                                                 
128 See, for example: Morris et al, 2006; Honnellio and Rydell, 2007; Sdouz, 2007.   
129 The additional actions, which could be taken in advance of the attack, would disable equipment that is 
needed to maintain core cooling if the primary supplies of electricity and cooling water are unavailable.   
130 Entergy, 2007, Section 5.1.2.  This source describes the IP2 plant; the IP3 plant has a similar design.   
131 Also see: Walters, 2003.   
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A shaped charge could be delivered by a general-aviation aircraft used as a cruise missile 
in remote-control or kamikaze mode.  Alternatively, shaped charges could be placed by 
attackers who reach the target locations by parachute, ultralight aircraft, helicopter, or site 
penetration from land or the Hudson River.  The attack might involve a standoff 
component in which shaped-charge warheads are delivered from an offsite location by an 
instrument such as the TOW (tube-launched, optically-tracked, wire-guided) missile.  A 
shaped charge could be the first stage of a tandem device.  In that configuration, the first 
stage penetrates a structure and is followed by a second stage that damages equipment 
inside the penetrated structure via fragmentation, blast, incendiary or "thermobaric" 
effects.   
 
Arms manufacturers are actively developing tandem-warhead systems.  For example, in 
January 2008 Raytheon tested the shaped-charge penetrating stage for its Tandem 
Warhead System.132  The shaped charge penetrated 19 feet into steel-reinforced concrete 
with a compressive strength of 12,600 psi.  The purpose of this new system is to penetrate 
a target protected by concrete, steel and rock barriers, and to cause damage inside the 
target.  Development of the system was self-funded by Raytheon.  The current version 
would have a mass of about 1,000 pounds in its tandem configuration.  Raytheon states 
that it could scale the technology, which implies both larger and smaller versions.   
 
The spent-fuel pools at the IP2 and IP3 plants are immediately outside the respective 
reactor containments.  The floor of each pool is below the local grade level.  However, 
the site slopes downward toward the Hudson River, so the pool floor is above river level.  
The pool walls are made of concrete, 3 to 6 feet thick.133  As discussed above, a sub-
national group could obtain the instruments needed to breach such a wall.  Attackers 
might choose to breach the wall at the local grade level.  That action would cause the 
water level in the pool to fall to near the top of the spent-fuel storage racks.  Thereafter, 
the remaining water would boil and, if makeup water were not supplied, the pool could 
boil dry in about a day.  As fuel assemblies became exposed, their temperature would 
rise.  An assembly exposed for the majority of its length could heat up to ignition 
temperature in a few hours.134   
 
In favorable circumstances, plant operators and other personnel could potentially prevent 
the initiation of a pool fire by the attack postulated above.  To prevent a fire, the 
operators would have to improvise a water makeup system, or a system to spray water on 
exposed fuel assemblies.  The operators' tasks would be greatly complicated by the 
radiation field from exposed fuel.135  To prevent operators from providing makeup or 
spray water, the attackers could combine an attack on the pool with an attack on the 
adjacent reactor.  The release of radioactive material from the reactor would generate a 
                                                 
132 Raytheon, 2008.   
133 Entergy, 2007, Table 9.5-1.  This source describes the IP2 plant; the IP3 plant has a similar design.   
134 Thompson, 2000.   
135 Alvarez et al, 2003.   
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local radiation field that would, over a wide range of attack scenarios, preclude operator 
access for a period of days.   
 

Aircraft as instruments of attack 
 
Many people have suggested that an aircraft could be used as an instrument of attack on a 
nuclear facility.  The NRC Staff considered this possibility in its Supplement to the EA 
for the proposed Diablo Canyon ISFSI, as discussed above.136  The Staff made the 
mistaken assumption that a large, fuel-laden commercial aircraft would pose the greatest 
threat using this attack mode.  Large, commercial aircraft caused major damage to the 
World Trade Center and the Pentagon in September 2001, but they would not be optimal 
as instruments of attack on a nuclear facility.  They are comparatively soft objects 
containing a few hard structures such as turbine shafts.  They can be difficult to guide 
precisely at low speed and altitude.  A well-informed group of attackers would probably 
prefer to use a smaller, general-aviation aircraft laden with explosive material, perhaps in 
a tandem configuration in which the first stage is a shaped charge.  Note that the US 
General Accounting Office (GAO) expressed concern, in September 2003 testimony to 
Congress, about the potential for malicious use of general-aviation aircraft.  The 
testimony stated:137   
 

"Since September 2001, TSA [the Transportation Security Administration] 
has taken limited action to improve general aviation security, leaving it far 
more open and potentially vulnerable than commercial aviation.  General 
aviation is vulnerable because general aviation pilots are not screened 
before takeoff and the contents of general aviation planes are not screened 
at any point.  General aviation includes more than 200,000 privately 
owned airplanes, which are located in every state at more than 19,000 
airports.  Over 550 of these airports also provide commercial service.  In 
the last 5 years, about 70 aircraft have been stolen from general aviation 
airports, indicating a potential weakness that could be exploited by 
terrorists."   

 
Modes of attack on an ISFSI 

 
Section 6, above, describes two types of potential release of radioactive material from an 
ISFSI module.  In one type, gases and small particles are swept out of the MPC during a 
blowdown of gases in the MPC through a comparatively small hole.  That release would 
expose a person downwind to a comparatively small inhalation dose.  In the second type 
of release, air would enter and leave the MPC through one or more holes, and the 
zirconium alloy cladding of the spent fuel would be ignited by use of incendiary material.  
That release could include a large amount of cesium-137 that would cause significant 

                                                 
136 NRC, 2007a; NRC, 2007b.   
137 Dillingham, 2003, page 14.   
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radiological harm at distances of tens of km downwind.  An attacking group seeking to 
maximize the impact of its attack would clearly prefer the second type of release.   
 
Table 7-8 broadens the discussion in the preceding paragraph by considering four types 
of potential, attack-induced release, designated as Types I through IV.  If a Type I release 
is set aside as a special case, examination of Types II through IV reveals two interesting 
trends.  First, as one moves from a Type II or Type III release to a Type IV release, the 
release event would become less dramatic in terms of indicators such as noise, flame and 
smoke.  Second, the environmental impact would decrease as one moves from a Type II 
to a Type III release, but would then increase sharply for a Type IV release.   
 
A well-informed sub-national group planning to attack an ISFSI would be likely to aim at 
creating a Type IV release.  That release would require a comparatively small investment 
of resources and could produce a comparatively large environmental impact.   
 
The NRC Staff reluctantly prepared an EA that examines the potential for an attack on 
the Diablo Canyon ISFSI.138  Most of the analyses and assumptions underlying the EA 
are secret.  However, it is clear that the Staff limited its examination to Type III releases.  
The Staff may have been misled by the comparatively dramatic appearance of the attack 
scenarios associated with Type III releases, leading to the false conclusion that Type IV 
releases would yield comparatively small environmental impacts.   
 
Further discussion of potential attacks on ISFSIs, and their treatment by NRC, is 
provided in other documents prepared by this author.139  Also relevant to this issue is a 
dissent by Commissioner Jaczko to an October 2008 decision by the NRC 
Commissioners.140  Jaczko noted, for example, that the NRC Staff lacks an in-house 
capability to analyze the potential for a zirconium fire.   
 

7.6 Potential Attacks in a SAMA Context 
 
Section 5.4, above, discusses the potential for a pool fire in the context of SAMA 
analyses.  To illustrate that discussion, Table 5-1 shows the estimated present value of 
cost risk for the reactors and spent-fuel pools at the Indian Point site, for conventional 
accidents.  The table shows that the present value of cost risk is greatest for a pool fire, 
even without considering the onsite impacts of such a fire.   
 
In order to consider potential attacks in SAMA analyses, it is necessary to assign a 
probability to each potential attack scenario.  At present, there is no statistical basis to 
support quantitative estimates of these probabilities.  However, reasonable assumptions 
of probability can be postulated and used in SAMA analyses to: (i) compare the risk of 

                                                 
138 NRC, 2007a; NRC, 2007b.   
139 Thompson, 2007b; Thompson, 2008b.   
140 NRC, 2008e.   
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conventional accidents with the risk of postulated attacks; and (ii) identify and examine 
SAMAs that reduce both categories of risk.   
 
Here, IRSS provides some illustrative analysis of potential attacks that yield a large 
atmospheric release from a reactor and/or a pool fire.  The probability of such an attack is 
postulated here to be 1 per 10,000 reactor-years.  That number corresponds to a 
probability of about 1 per century across the US fleet of 104 commercial reactors, 
assuming that all the reactors are equally attractive as targets.  In the SAMA analysis 
described here, the probability of 1 per 10,000 reactor-years includes a factor of 
uncertainty.  Given the anticipated threat environment over the coming decades, and the 
vulnerability of the existing nuclear power plants, a postulated probability of 1 per 10,000 
reactor-years is at the lower end of the range of assumptions that would be prudent in the 
context of homeland-security planning.   
 
Table 7-9 shows the estimated present value of cost risk of an atmospheric release from 
the IP2 and IP3 plants.  Attack-induced releases are considered, with a postulated 
probability of 1 per 10,000 reactor-years.  Releases caused by conventional accidents are 
also considered, carrying forward the analyses summarized in Table 5-1 to include 
internal and external initiating events and uncertainty.  Thus, Table 7-9 provides an 
overall summary of the present value of cost risks as estimated by the Indian Point 
licensee and IRSS.   
 
8. Options for Reducing Radiological Risk 
 
Options are available for reducing the risk of conventional accidents and malice-induced 
accidents during storage of spent fuel.  These options would involve changes in the 
design and/or mode of operation of SNF storage facilities.  Such risk-reducing options 
can be thought of as SAMAs, although in NRC licensing practice that term is currently 
used only in connection with conventional accidents at reactors.   
 
Commercial nuclear facilities, such as reactors, pools and ISFSIs, are elements of the 
nation's critical infrastructure.  Thus, options to reduce the risk of malice-induced 
accidents at nuclear facilities should be examined in the larger setting of national 
security, values and interests.  Table 8-1 shows the importance of taking this broad view.  
The table shows how wise design of critical infrastructure can enhance protective 
deterrence and substitute for defense measures that are less effective and/or have 
significant adverse impacts.  The NIPP has outlined appropriate design principles.   
 

Options for reducing the risk of a pool fire 
 
Table 8-2 shows some options that could reduce the risk of a fire in a spent-fuel pool.  
The option that is most compatible with protective deterrence and the NIPP is to re-equip 
the pool with low-density, open-frame racks, as was planned when the existing 
commercial reactors were designed.  That option would dramatically reduce the 
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probability of a pool fire, and would substantially reduce the inventory of radioactive 
material available for release if a fire did occur.   
 
Table 7-9 shows that the present value of cost risk for a fire at an Indian Point pool would 
be about $28 million for a conventional accident (assuming probability as in NUREG-
1353) and $500 million for a malice-induced accident (assuming a probability of 1 per 
10,000 reactor-years).  Those values are calculated according to standard practice for 
SAMA analyses.  In that paradigm, a SAMA would be cost-effective if its benefit 
(reduction in the present value of cost risk) exceeds its cost.   
 
Table 8-3 provides an estimate of the incremental cost of using low-density racks in the 
pool associated with a new commercial reactor.  With these racks in place, SNF 
assemblies would be transferred to dry storage after about 5 years of cooling in the pool.  
An incremental cost of $3.2 million per year (equivalent to 0.04 cent per kWh of nuclear 
generation) would arise, beginning in the 11th year of plant operation.  That incremental 
cost would cease at a later point, around the 30th year of plant operation, when the pool 
inventory of SNF would have approached the pool's capacity if high-density racks had 
been used.  The total, undiscounted incremental cost up to that point would be about $64 
million.  Viewed over the entire operating life of the reactor, the total, undiscounted 
incremental cost would actually be zero, assuming that all SNF remaining in the pool 
after permanent shut-down of the reactor would be moved to dry storage.   
 
Use of low-density racks would dramatically reduce the risk of a pool fire.  Thus, the 
benefit of this SAMA at Indian Point would be a large fraction of the present value of 
cost risk shown in Table 7-9 for a pool fire.  Comparison with the cost estimate in Table 
8-3 shows that this SAMA would be cost-effective by a large margin, in the context of 
malice-induced accidents.   
 
A more complete discussion of SAMAs related to pool fires is provided in another report 
by this author.141  That discussion relates directly to the Indian Point site, but also has 
general application.   
 

Options for reducing the risk of release from an ISFSI 
 
The overall risk of a radioactive release from an ISFSI is dominated by the risk of a 
malice-induced accident.  Options for reducing the latter risk include active defense of 
the site and preparations for damage control.142  Here, we focus on design options for 
enhancing the robustness of the ISFSI.   
 
Options for designing an ISFSI to resist attack have been identified by this author, as 
follows:143 "re-design of the ISFSI to use thick-walled metal casks, dispersal of the casks, 
                                                 
141 Thompson, 2007c.   
142 Thompson, 2007b.   
143 Thompson, 2002, paragraph XI-5.   
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and protection of the casks by berms or bunkers in a configuration such that pooling of 
aircraft fuel would not occur in the event of an aircraft impact".  Elsewhere, the author 
has provided a more detailed discussion about designing an ISFSI to be more robust 
against attack.144  A factor addressed in that discussion is the possibility that society will 
extend the life of ISFSIs until they become, by default, repositories for spent fuel.  
Consideration of that possibility could favor an above-ground ISFSI whose robustness 
would be enhanced through a combination of the design options described above.   
 
Holtec has developed a design for a new ISFSI storage module that is said to be more 
robust against attack than present modules.  The new module is the HI-STORM 100U 
module, which would employ the same MPC as is used in the present Holtec modules.  
For most of its height, the 100U module would be underground.  Holtec has described the 
robustness of the 100U module as follows:145   
 

"Release of radioactivity from the HI-STORM 100U by any mechanical means 
(crashing aircraft, missile, etc.) is virtually impossible.  The only access path into 
the cavity for a missile is vertically downward, which is guarded by an arched, 
concrete-fortified steel lid weighing in excess of 10 tons.  The lid design, at 
present configured to easily thwart a crashing aircraft, can be further buttressed to 
withstand more severe battlefield weapons, if required in the future for homeland 
security considerations.  The lid is engineered to be conveniently replaceable by a 
later model, if the potency of threat is deemed to escalate to levels that are 
considered non-credible today."   

 
9. NRC Regulation of Spent-Fuel Storage  
 

9.1 NRC's Approach to Regulating Spent-Fuel Storage 
 
As shown in Section 2, above, NRC has enabled and encouraged the development of a de 
facto, national strategy for storing SNF from existing commercial reactors.  This strategy 
is likely to persist at existing reactors until 2055, and appears poised to continue into the 
22nd century at new reactors.  As shown in Section 5, above, NRC has known since 1979 
that the strategy creates the potential for a fire in a spent-fuel pool, and that the 
environmental impacts of such a fire would be severe.  The Draft Update agrees that a 
pool fire could occur, but argues that the probability of this event has been limited by 
secret studies and secret actions.   
 
Options are available for reducing the risk of a pool fire, as shown in Section 8, above.  
One option – use of low-density racks – would almost eliminate the risk, at a 
comparatively modest cost.  Yet, NRC has never prepared an EIS that assesses the risk of 
a pool fire and the options for reducing that risk.  

                                                 
144 Thompson, 2003.   
145 Holtec, 2007.   
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Published NRC documents that address pool fires 
 
Section 5, above, describes various documents published by NRC that are relevant to 
pool fires.  One document is a 1979 GEIS on SNF handling and storage (NUREG-0575), 
which failed to identify the risk of a pool fire.  Another document is an initial technical 
report (NUREG/CR-0649) published in 1979, whose introduction mis-characterized its 
content by erroneously stating that complete drainage of a pool is the most severe case.  
All subsequent documents published by NRC until October 2000 employed the erroneous 
assumption that complete drainage is the most severe case.  For that and other reasons, 
none of those documents provides a credible assessment of pool-fire risk or risk-reducing 
options.   
 
The October 2000 document (published in February 2001 as NUREG-1738) addressed 
nuclear power plants undergoing decommissioning.  At such plants, the risk of a pool fire 
is qualitatively different, and quantitatively lower, than at operating plants.  Thus, NRC 
should have taken the technical understanding that it had belatedly achieved in NUREG-
1738, and applied that understanding to operating plants.  Instead, NUREG-1738 was the 
last technical document published by NRC that addressed pool fires.   
 

Secret NRC studies that address pool fires 
 
Since September 2001, NRC has stated on various occasions that it has conducted secret 
studies addressing the risk of pool fires.  The Draft Update, published in October 2008, 
mentions secret studies of this type.146  An August 2008 decision by the NRC 
Commissioners to deny two rulemaking petitions also mentions secret studies of this 
type. 147  As shown in Section 5.2, above, the two sets of secret studies are clearly 
different.  It appears that NRC is either confused or careless in attributing its position on 
pool fires to secret studies.   
 

NRC actions to reduce the risk of pool fires 
 
Prior to September 2001, NRC required no specific action to reduce the risk of a pool 
fire.  Since September 2001, NRC has required licensees to take actions with the specific 
purpose of reducing the risk of a pool fire, while simultaneously claiming that the risk 
was overstated in published documents such as NUREG-1738.  The new, risk-reducing 
actions are secret.  From the Draft Update, they appear to include security measures and 
damage-control preparations.148   
 
The NRC Commissioners' August 2008 decision to deny two rulemaking petitions 
mentions "internal and external strategies" for the supply of emergency water makeup or 
                                                 
146 NRC, 2008a.   
147 NRC, 2008d.   
148 NRC, 2008a.   
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spray to spent-fuel pools.  These strategies were proposed by the nuclear industry in 
2006, and NRC has "approved license amendments and issued safety evaluations to 
incorporate these strategies into the plant licensing bases of all operating nuclear power 
plants in the United States".  The external strategy involves the use of an "independently-
powered, portable" pumping system.149   
 
Adoption of these secret strategies shows that the nuclear industry and NRC are aware of 
the potential for a pool fire, despite their numerous claims that the risk of such a fire is 
very low.  However, the strategies have been implemented in secrecy, without any 
assessment of their effectiveness and cost by an EIS or equivalent study.  A credible 
assessment would be likely to show that these strategies would be ineffective following a 
well-executed attack that targets a reactor and its adjacent pool, as discussed in Section 
7.5, above.   
 

Regulation of ISFSIs 
 
An ISFSI poses a radiological risk that is lower than the risk posed by a spent-fuel pool 
packed at high density.  Nevertheless, options are available for reducing the risk 
associated with malice-induced accidents at an ISFSI, as discussed in Section 8, above.  
NRC refuses to consider these options in an EIS.  Also, NRC attempts to hide the 
vulnerabilities of existing ISFSIs under a veil of secrecy. 
 

9.2 Impacts of NRC's Regulatory Approach 
 
The preceding discussion identifies four notable features of NRC's approach to regulating 
SNF storage.  First, NRC has not performed any credible EIS to assess the risk of a pool 
fire caused by a conventional accident.  Second, NRC refuses to perform any EIS that 
assesses the risk associated with malice-induced accidents at any nuclear facility.  Third, 
NRC relies heavily on secrecy as a protective measure.  Fourth, under the veil of secrecy, 
NRC has cooperated with the nuclear industry to adopt measures to reduce the risk of a 
pool fire, without assessing the effectiveness and costs of these measures by conducting 
an EIS or equivalent study.   
 
These features of NRC's regulatory approach yield significant, adverse impacts on the 
environment in the following respects.  First, NRC's secrecy is likely to be 
counterproductive, suppressing a true understanding of risk and discouraging the use of 
appropriate measures of risk reduction.  Second, secretive behavior by a governmental 
agency has adverse impacts on society and the economy.  Third, NRC's secrecy and 
refusal to prepare an EIS undermine the potential to enhance protective deterrence by 
implementing protective measures of the type called for in the National Infrastructure 
Protection Plan.  

                                                 
149 NRC, 2008d, Section VI (B) (3).   
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The potential for secrecy to be counterproductive 
 
An entrenched culture of secrecy will adversely affect the safety and security of nuclear 
facilities.  Such a culture is not compatible with a clear-headed, science-based approach 
to the understanding of risk.  Entrenched secrecy perpetuates dogma, stifles dissent, and 
can create a false sense of security.  In illustration, the culture of secrecy in the former 
USSR was a major factor contributing to the occurrence of the 1986 Chernobyl reactor 
accident.150   
 
Moreover, secrecy is limited in its effectiveness.  Nuclear fission power is a mature 
technology based on science from the mid-20th century.  Detailed information about 
nuclear technology and individual nuclear facilities is archived at many locations around 
the world, and large numbers of people have worked in nuclear facilities.  Similarly, 
information about weapons and other devices that could be used to attack nuclear 
facilities is widely available.  Large numbers of people have been trained to use such 
devices in a military context.  Thus, it would be prudent to assume that sophisticated sub-
national groups can identify and exploit vulnerabilities in US nuclear facilities.   
 

The costs of secrecy 
 
Secrecy is antithetical to US traditions and inconsistent with long-term national 
prosperity.  Thus, when an EIS is conducted to assess design options for a nuclear 
facility, the EIS should consider the social and economic impacts of secrecy.  That 
consideration would tend to favor options involving features such as hardening, resiliency 
and passive protection.  Secrecy can be reduced or eliminated if such features are 
employed.  In considering the impacts of secrecy, it should be remembered that nuclear 
facilities exist to serve society, rather than vice versa.151   
 

NRC's undermining of protective deterrence 
 
Section 7, above, discusses the role of protective deterrence as part of a balanced policy 
for homeland security.  That role is illustrated by Table 8-1, which shows the strengths 
and weaknesses of options for protecting critical infrastructure from attack by sub-
national groups.  Table 8-1 shows the benefits that could flow from adoption of resilient 
design, passive defense, and other protective measures for infrastructure elements such as 
SNF or HLW storage facilities.  The NIPP envisions the use of such measures.  Yet, NRC 
does not require such measures, and refuses to allow their identification and assessment 
in an EIS.  Moreover, NRC attempts to hide the true characteristics of existing nuclear 
facilities under a veil of secrecy.  In effect, NRC endorses the use of offensive military 
                                                 
150 Thompson, 2002, Section X.   
151 NRC's Principles of Good Regulation state, in the context of openness: "Nuclear regulation is the 
public's business, and it must be transacted publicly and candidly".  See: Principles of Good Regulation, 
accessed at the NRC web site (www.nrc.gov) on 20 November 2007.   
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operations, surveillance of the domestic population, and related measures as the primary 
means of protecting critical infrastructure.  NRC appears to be willing to sustain that 
preference into the 22nd century.  
 

An opportunity to eliminate secrecy regarding spent-fuel pools 
 
Secrecy and its adverse impacts could be quickly eliminated in the context of spent-fuel 
pools.  As discussed in Section 8, above, the pools could be re-equipped with low-
density, open-frame racks, as was planned when the existing commercial reactors were 
designed.  That option would dramatically reduce the probability of a pool fire, and 
would substantially reduce the inventory of radioactive material available for release if a 
fire did occur.  There would no longer be any reasonable basis for secrecy regarding 
spent-fuel pools.   
 
10. A NEPA-Compliant Approach to Regulation of SNF and HLW Storage 
 
The National Environmental Policy Act (NEPA) requires, for US government actions that 
significantly affect the environment, systematic consideration of impacts and alternatives 
in an EIS.  Licensing of a facility for storage of SNF or HLW is such an action, especially 
given the modes of storage that NRC has licensed.   
 
This report shows that an SNF storage facility can pose a significant radiological risk, 
which is a form of environmental impact.  Also, deficiencies in NRC regulation of the 
facility can cause other, significant impacts on the environment, as discussed in Section 
9, above.  This combined set of impacts could be considered in an EIS without any 
conceptual difficulty.  If NRC were to perform such an EIS, NRC would be obliged to 
accurately assess the impacts of its own regulatory approach.   
 
Consideration of malice-induced accidents in an EIS would pose two challenges.  First, 
the probabilities of such accidents cannot be quantitatively estimated.  Second, some 
analyses related to such accidents contain sensitive information and are therefore not 
appropriate for general publication.   
 
Both challenges could be readily overcome.  The probabilities of malice-induced 
accidents could be estimated qualitatively, and a numerical range could be used for 
illustrative calculations.  NRC has well-established procedures for handling sensitive 
information, including procedures whereby intervenors in a licensing process that 
involves sensitive information can be represented by persons with security clearances.   
 
If necessary, an EIS could have classified appendices.  However, an EIS that is consistent 
with the purposes of NEPA would use secrecy sparingly, not as a veil to hide 
inconvenient information.  Notably, such an EIS would explicitly identify and examine 
alternatives whose assessment does not require the use of sensitive information.   
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11. Conclusions  
 
C1. NRC has enabled and encouraged the development of a de facto, national strategy for 
storing spent fuel from existing commercial reactors.  Major elements of the strategy are: 
(i) storage of spent fuel, after discharge from a reactor, in a high-density pool; (ii) 
placement of the pool in close proximity to the reactor, with sharing of systems; (iii) 
accumulation of spent fuel in the pool until the pool is packed nearly to full capacity, 
followed by periodic offloading of older fuel from the pool to an on-site ISFSI in order to 
make room for newly-discharged fuel; and (iv) after permanent shut-down of the reactor, 
transfer of the remaining fuel from the pool to the ISFSI.   
 
C2. The strategy described in conclusion C1 creates a substantial risk of radiological 
harm and, therefore, has severe, adverse impacts on the environment.  The dominant 
component of the radiological risk arises from the potential for a fire in a spent-fuel pool 
following a loss of water from the pool.  That event could be caused by a conventional 
accident or a malice-induced accident.  The potential for a pool fire is exacerbated by the 
presence of an operating reactor in close proximity to a pool.  Among other components 
of the radiological risk, the most significant component arises from the potential for a 
malice-induced accident to release radioactive material from an ISFSI.   
 
C3. NRC has conducted some analyses related to the radiological risk described in 
conclusion C2.  The analyses that have been published, taken together, provide an 
incomplete and inaccurate assessment of the risk.  None of the published analyses meets 
the standards of an EIS prepared under NEPA.  NRC has issued statements about the 
radiological risk associated with malice-induced accidents affecting spent fuel, but has 
neither published any technical analysis of that risk, nor published any citation to a secret 
analysis that could meet the standards of an EIS prepared under NEPA.   
 
C4. NRC has conceded, in the Draft Update and other documents, that a fire could occur 
in a spent-fuel pool following a loss of water.  NRC has also conceded that radioactive 
material released during a pool fire would have significant, adverse impacts on the 
environment.  To offset those concessions, NRC argues that the probability of a pool fire 
is very low.  NRC attributes the alleged low probability, in part, to unspecified, secret 
security measures and damage-control preparations that have been implemented at 
commercial reactors.  NRC further attributes the alleged low probability, in part, to 
unspecified, secret studies that find that a fire would not break out in certain scenarios for 
loss of water from a pool.  None of the arguments advanced by NRC to support its claim 
of low probability cites or provides an analysis that could meet the standards of an EIS 
prepared under NEPA.   
 
C5. Options are available for reducing the radiological risk now associated with storage 
of spent fuel.  Some of those options are entirely passive, and do not rely on active 
systems or human action.  Options of that type are especially suitable for spent-fuel 
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storage.  Notably, spent-fuel pools could be re-equipped with low-density racks, as was 
intended when the existing reactors were designed, the excess fuel being moved to 
ISFSIs.  That option would be entirely passive, and would dramatically reduce the 
potential for a pool fire.  Also, the spent-fuel storage modules that are deployed at ISFSIs 
could be protected from attack by berming, underground placement, and/or stronger outer 
containers.  Those options would be entirely passive, and would significantly reduce the 
risk of a malice-induced release of radioactive material from an ISFSI.  Passive, robust 
options for risk reduction, such as the options outlined here for spent-fuel pools and 
ISFSIs, are protective measures of the type called for in the National Infrastructure 
Protection Plan.   
 
C6. NRC has published some analyses of options for reducing the radiological risk 
associated with storage of spent fuel.  None of those analyses considers the potential for 
malice-induced accidents.  Nor does any of those published analyses meet the standards 
of an EIS prepared under NEPA.  Also, NRC has never published any citation to a secret 
analysis, meeting the standards of an EIS prepared under NEPA, that examines options 
for reducing the radiological risk associated with storage of spent fuel.   
 
C7. NRC has not required the use of risk-reducing options of the type outlined in 
conclusion C5.  Nor has NRC analyzed risk-reducing options in the manner required by 
NEPA, as pointed out in conclusion C6.  Instead, NRC claims that the radiological risk 
associated with spent-fuel storage is limited by secret studies and secret actions, in the 
following respects.  First, says NRC, secret studies show that many accident scenarios 
would not lead to a large release of radioactive material.  Second, says NRC, secret 
actions significantly reduce the probability of occurrence of accident scenarios that would 
lead to a large release of radioactive material.  NRC takes that position in regard to pool 
fires, as mentioned in conclusion C4, and in regard to radioactive releases from ISFSIs.  
NRC appears to be unaware that the use of passive, robust options for risk reduction, of 
the type discussed in conclusion C5, could reduce or eliminate any need for secrecy.   
 
C8. Conclusion C7 shows that NRC relies on secrecy as a primary measure for limiting 
the radiological risk associated with spent-fuel storage.  NRC's heavy reliance on secrecy, 
and its refusal to perform risk analyses that meet the standards of an EIS prepared under 
NEPA, are significant deficiencies in NRC's approach to regulating the storage of spent 
fuel.  NRC's reliance on secrecy has adverse impacts on the environment in two respects.  
First, secrecy is likely to be counterproductive, suppressing a true understanding of risk 
and discouraging the use of appropriate measures of risk reduction.  Second, secretive 
behavior by a governmental agency has adverse impacts on society and the economy.  In 
addition, NRC's overall regulatory approach, which combines secrecy with a lack of 
NEPA compliance, has adverse impacts on the defense and security of the USA.  NRC's 
approach undermines the potential to enhance protective deterrence by implementing 
protective measures of the type called for in the National Infrastructure Protection Plan.   
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C9. The de facto, national strategy for storing spent fuel, as described in conclusion C1, 
creates the substantial risk of radiological harm that is described in conclusion C2.  In 
addition, NRC's approach to the regulation of spent-fuel storage exacerbates the 
radiological risk and has adverse impacts on society, the economy, national defense and 
security, as summarized in conclusion C8.  Taken together, the national strategy and 
NRC's regulatory approach have significant, adverse impacts on the environment.  In the 
context of a particular reactor, the combined impacts are at a comparatively high level 
when the reactor is in its operational period, because the potential for a pool fire is the 
dominant component of radiological risk, and that potential is exacerbated by reactor 
operation.  The combined impacts then continue at a lower level after permanent shut-
down of the reactor, during any remaining period of ISFSI operation.   
 
C10. Likely trends in the operation of existing reactors show a substantial part of the fleet 
operating into the 2040s, with the last reactor shutting down in 2055.  The combined 
impacts described in conclusion C9 would continue at a comparatively high level during 
that period, and at a lower level thereafter.  If new reactors commence operating and the 
present fuel-storage strategy continues, the combined impacts associated with that 
strategy could be expected to continue at a comparatively high level into the latter part of 
the 21st century and, potentially, into the 22nd century.   
 
C11. Findings 3, 4 and 5 of NRC's Waste Confidence Decision should account for the 
environmental impacts summarized in conclusion C9, and for likely trends in those 
impacts as discussed in conclusion C10.  No such accounting is provided in the 1990 
version of the Decision or in the Draft Update.  Finding 3 states that spent fuel "will be 
managed in a safe manner", the proposed Finding 4 states that spent fuel "can be stored 
safely without significant environmental impacts", and Finding 5 states that "safe" 
storage of spent fuel in an ISFSI will be provided if needed.  None of those statements 
has a basis in credible analysis by NRC.  The statement in proposed Finding 4 might be 
shown to be correct, with an emphasis on the word "can", if risk-reducing options of the 
type discussed in conclusion C5 were considered through analysis that meets the 
standards of NEPA.   
 
C12. NRC's Proposed Rule should account for the environmental impacts summarized in 
conclusion C9, and for likely trends in those impacts as discussed in conclusion C10.  No 
such accounting is provided.  The Proposed Rule's statement that spent fuel "can be 
stored safely and without significant environmental impacts" has no basis in credible 
analysis by NRC.  The statement might be shown to be correct, with an emphasis on the 
word "can", if risk-reducing options of the type discussed in conclusion C5 were 
considered through analysis that meets the standards of NEPA.   
 
C13. The US government is pursuing, through the GNEP program at DOE, the 
development of alternative nuclear fuel cycles.  Those cycles would involve the 
processing of spent fuel in facilities that would produce streams of HLW.  The HLW 
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waste forms would require storage prior to their placement in a repository.  The storage 
period could be long.  For example, some fuel cycles would involve the separation of 
cesium and strontium isotopes from the other constituents of spent fuel.  The cesium and 
strontium isotopes would be incorporated into an HLW waste form that would be stored 
for about 300 years.   
 
C14. NRC's present approach to the regulation of spent-fuel storage could set a precedent 
for regulation of the storage of HLW waste forms in the future.  NRC currently allows 
spent fuel to be stored in a manner that creates significant, adverse impacts on the 
environment, and appears willing to allow these impacts to continue through the 21st 
century.  The Draft Update and the Proposed Rule do not acknowledge the potential for 
NRC's present regulatory approach to set a precedent for regulating the storage of HLW 
waste forms that are produced in the future.   
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Table 1-1 
NRC Waste Confidence Findings, 1990 Version and Version Now Proposed by NRC 
 

1990 Version Proposed Version 
Finding 1: The Commission finds reasonable 
assurance that safe disposal of high-level 
radioactive waste and spent fuel in a mined 
geologic repository is technically feasible.  

Unchanged 

Finding 2: The Commission finds reasonable 
assurance that at least one mined geologic 
repository will be available within the first 
quarter of the twenty-first century, and that 
sufficient repository capacity will be available 
within 30 years beyond the licensed life for 
operation (which may include the term of a 
revised or renewed license) of any reactor to 
dispose of the commercial high-level 
radioactive waste and spent fuel originating in 
such reactor and generated up to that time.  

Finding 2: The Commission finds reasonable 
assurance that sufficient mined geologic 
repository capacity can reasonably be expected 
to be available within 50-60 years beyond the 
licensed life for operation (which may include 
the term of a revised or renewed license) of any 
reactor to dispose of the commercial high-level 
radioactive waste and spent fuel originating in 
such reactor and generated up to that time.  

Finding 3: The Commission finds reasonable 
assurance that HLW and spent fuel will be 
managed in a safe manner until sufficient 
repository capacity is available to assure the 
safe disposal of all HLW and spent fuel.  

Unchanged 

Finding 4: The Commission finds reasonable 
assurance that, if necessary, spent fuel 
generated in any reactor can be stored safely 
and without significant environmental impacts 
for at least 30 years beyond the licensed life for 
operation (which may include the term of a 
revised or renewed license) of that reactor at its 
spent fuel storage basin, or at either onsite or 
offsite independent spent fuel storage 
installations.  

Finding 4: The Commission finds reasonable 
assurance that, if necessary, spent fuel 
generated in any reactor can be stored safely 
without significant environmental impacts for 
at least 60 years beyond the licensed life for 
operation (which may include the term of a 
revised or renewed license) of that reactor in a 
combination of storage in its spent fuel storage 
basin and either onsite or offsite independent 
spent fuel storage installations.  

Finding 5: The Commission finds reasonable 
assurance that safe independent onsite spent 
fuel storage or offsite spent fuel storage will be 
made available if such storage capacity is 
needed.  

Unchanged 

 
Source:   
NRC, 2008a 
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Table 3-1 
Cesium-137 Inventories and Other Indicators for Reactors, Spent-Fuel Pools and 
the ISFSI at Indian Point 
 

Indicator Indian Point 2 Indian Point 3 
Rated power of reactor 3,216 MWt 3,216 MWt 
Number of fuel assemblies in reactor core 193 assemblies 193 assemblies 
Mass of uranium in reactor core 87 Mg 87 Mg 
Typical period of full-power exposure of a 
fuel assembly (assuming refueling outages 
of 2-month duration at 24-month intervals, 
discharging 72 assemblies, capacity factor 
of 0.9 between outages) 

4.4 yrs 
(during 5.4  

calendar years) 

4.4 yrs 
(during 5.4  

calendar years) 

Typical burnup of fuel assembly at 
discharge 

59,370 MWt-
days/MgU 

59,370 MWt-
days/MgU 

Typical Cs-137 inventory in fuel assembly 
at discharge (assuming steady-state fission 
at 0.9x22/24 power for 5.4 yrs with an 
energy yield of 200 MeV per fission and a 
Cs-137 fission fraction of 6.0 percent) 

0.082 MCi 0.082 MCi 

Approx. Cs-137 inventory in reactor core 
(assuming 193 fuel assemblies with av. 
burnup = 50% of discharge burnup) 

7.9 MCi 7.9 MCi 

Cs-137 inventory in reactor core according 
to License Renewal Application 

11.2 MCi 11.2 MCi 

Capacity of spent-fuel pool 1,376 assemblies 1,345 assemblies 
Cs-137 inventory in spent-fuel pool 
(assuming space for full-core unloading, 
av. assembly age after discharge = 15 yrs  

68.6 MCi 66.8 MCi 

Cs-137 inventory in one ISFSI module 
(assuming 32 fuel assemblies, av. age after 
discharge = 30 yrs) 

1.3 MCi 

 
Source:   
This table is adapted from Table 2-1 of: Thompson, 2007c.   
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Table 3-2 
Illustrative Inventories of Cesium-137 
 

Case Inventory of  
Cesium-137  

Produced during detonation of a 10-kilotonne  
fission weapon 

0.002 MCi 

Released to atmosphere during Chernobyl reactor 
accident of 1986 

2.4 MCi 

Released to atmosphere during nuclear-weapon tests, 
primarily in the 1950s and 1960s  
(Fallout was non-uniformly distributed across the 
planet, mostly in the Northern hemisphere.)   

20 MCi 

In Indian Point 2 spent-fuel pool during period of 
license extension 

68.6 MCi 

In Indian Point 3 spent-fuel pool during period of 
license extension 

66.8 MCi 

In IP2 or IP3 reactor core 11.2 MCi 
In one storage module at the Indian Point ISFSI 1.3 MCi 
 
Source:   
This table is adapted from Table 2-2 of: Thompson, 2007c. 
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Table 5-1 
Estimated Present Value of Cost Risk Associated with Atmospheric Releases from 
Conventional Accidents: Full Spectrum of Releases from a Core-Damage Event at 
the IP2 or IP3 Reactor; Fire in the IP2 or IP3 Spent-Fuel Pool 
 

Affected Facility Indicator 
Indian Point 2 

Reactor 
Indian Point 3 

Reactor 
Spent-Fuel Pool at 

the IP2 or IP3 
Plant 

Type of radioactive 
release 

Full spectrum of 
releases from core 
damage 

Full spectrum of 
releases from core 
damage 

Fire in the pool, 
following water loss 

Present value of 
offsite cost risk, for 
internal + external 
initiating events 

$3,635,924 
(as in License 

Renewal 
Application) 

$6,048,060 
(as in License 

Renewal 
Application) 

$9,923,394 
(probability from 
NUREG-1353, 

offsite cost from 
study by  

Beyea et al) 
Present value of 
onsite cost risk, for 
internal + external 
initiating events 

$1,448,245 
(as in License 

Renewal 
Application) 

$1,351,583 
(as in License 

Renewal 
Application) 

Not estimated 
in this table 

Total present value 
of cost risk, for 
internal + external 
initiating events 

$5,084,168  $7,399,643  $9,923,394  

 
Notes:   
(a) This table is adapted from Table 6-3 of: Thompson, 2007c.   
(b) The full spectrum of releases from each of the two reactors includes accident 
sequences in which the containment does not fail.   
(c) Uncertainty in probability, and the potential for malice-induced accidents, are not 
considered in this table.   
(d) Annual cost risk ($ per year) is converted to the present values shown here by 
accumulating the annual value over 20 years with a discount rate of 7 percent per year.   
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Table 6-1 
Estimated Atmospheric Release of Radioactive Material and Downwind Inhalation 
Dose for Blowdown of the MPC in a Spent-Fuel-Storage Module 
 

MPC Leakage Area Indicator 
4 sq. mm 

(equiv. dia. = 
2.3 mm) 

100 sq. mm 
(equiv. dia. = 

11 mm) 

1,000 sq. mm 
(equiv. dia. = 

36 mm) 
Gases 3.0E-01 3.0E-01 3.0E-01 
Crud 1.0E+00 1.0E+00 1.0E+00 
Volatiles 2.0E-04 2.0E-04 2.0E-04 

Fuel Release 
Fraction 

Fines 3.0E-05 3.0E-05 3.0E-05 
MPC Blowdown Fraction 9.0E-01 9.0E-01 9.0E-01 

Gases 1.0E+00 1.0E+00 1.0E+00 
Crud 7.0E-02 5.0E-01 8.0E-01 
Volatiles 4.0E-03 3.0E-01 6.0E-01 

MPC Escape 
Fraction 

Fines 7.0E-02 5.0E-01 8.0E-01 
Inhalation Dose (CEDE) to a 
Person at a Distance of 900 m 

6.3 rem 48 rem 79 rem 

 
Notes: 
(a) Estimates are from: Gordon Thompson, Estimated Downwind Inhalation Dose for 
Blowdown of the MPC in a Spent Fuel Storage Module, IRSS, June 2007.   
(b) The assumed multi-purpose canister (MPC) contains 24 PWR spent fuel assemblies 
with a burnup of 40 MWt-days per kgU, aged 10 years after discharge.   
(c) The following radioisotopes were considered: Gases (H-3, I-129, Kr-85); Crud (Co-
60); Volatiles (Sr-90, Ru-106, Cs-134, Cs-137); Fines (Y-90 and 22 other isotopes).   
(d) The calculation followed NRC guidance for calculating radiation dose from a design-
basis accident, except that the MPC Escape Fraction was drawn from a study by Sandia 
National Laboratories that used the MELCOR code package.   
(e) CEDE = committed effective dose equivalent.  In this scenario, CEDE makes up most 
of the total dose (TEDE) and is a sufficient approximation to it.   
(f) The overall fractional release of a radioisotope from fuel to atmosphere is the product 
of Fuel Release Fraction, MPC Blowdown Fraction, and MPC Escape Fraction.   
(g) For a leakage area of 4 square mm, the overall fractional release is: Gases (0.27); 
Crud (0.063); Volatiles (7.2E-07); Fines (1.9E-06).  Fines account for 95 percent of 
CEDE, and Crud accounts for 4 percent.   
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Table 6-2 
Illustrative Calculation of Heat-Up of a Fuel Rod in a PWR Fuel Assembly Due to 
Combustion in Air 
 

Affected Material Indicator 
Zircaloy Cladding UO2 Pellets 

Solid volume, per m length 1.90E-05 cub. m 
(OD = 1.07 cm;  

thickness = 0.06 cm) 

6.36E-05 cub. m 
(OD = 0.9 cm) 

 
Mass, per m length 0.124 kg 

(@ 6.55 Mg per cub. m) 
0.700 kg 

(@ 11.0 Mg per cub. m) 
Heat output from 
combustion of material in 
air, per m length 

1.48 MJ 
(@ 2,850 cal per g Zr) 

Neglected 

Equilibrium temperature 
rise if material receives 
50% of heat output from 
adjacent combustion, and if 
heat loss from material is 
neglected 

Neglected approx. 2,700 deg. C 
 

(Note: The enthalpy rise if 
UO2 temp. rises from 300 K 

to 3,000 K = 1,052 kJ per 
kg UO2) 

 
Notes:  
(a) Data shown in table are from: Nero, 1979, Table 5-1; Powers et al, 1994, Table 4; and 
files accessed at International Nuclear Safety Center (INSC), Argonne National 
Laboratory, <http://www.insc.anl.gov/>, in March 2008.   
(b) Melting point of UO2 is 2,850 deg. C (from INSC files).   
(c) Boiling point of elemental cesium is 685 deg. C (from: Thompson and Beckerley, 
1973, Volume 2, page 527).   
(d) 1 cal = 4.184 J 
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Table 7-1 
Public Opinion in Four Muslim Countries Regarding the US "War on Terrorism"  
 

Percentage of Respondents Who Think that the Primary  
Goal of What the US Calls "the War on Terrorism" is to: 

Country 

Weaken and 
Divide the Islamic 

Religion and its 
People 

Achieve Political 
and Military 

Domination to 
Control Middle 
East Resources 

Protect Itself from 
Terrorist Attacks 

Morocco 33 39 19 
Egypt 31 55 9 
Pakistan 42 26 12 
Indonesia 29 24 23 
 
Notes:  
(a) Data are from: Steven Kull et al, Muslim Public Opinion on US Policy, Attacks on 
Civilians and al Qaeda, Program on International Policy Attitudes, University of 
Maryland, 24 April 2007.   
(b) Percentages not shown in each row are "do not know" or "no response".   
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Table 7-2 
Opinions of Selected Experts Regarding the Probability of Another 9/11-Type 
Attack in the United States 
 

Fraction of Interviewed Experts Holding Position 
(percent) 

Time Horizon for 
Potential Attack 

Attack has No Chance 
or is Unlikely 

Attack is Likely  
or Certain 

Within 6 months 80 20 
Within 5 years 30 70 
Within 10 years 17 83 
 
Notes:  
(a) These and other survey data are discussed in: "The Terrorism Index", Foreign Policy, 
September/October 2007, pp 60-67.  The underlying data are from: "Terrorism Survey 
III", June 2007, accessed from the website of the Center for American Progress 
<www.americanprogress.org> on 21 August 2007.   
(b) The following question was posed to 108 US-based experts in international security: 
"What is the likelihood of a terrorist attack on the scale of the 9/11 attacks occurring 
again in the United States in the following time frames?"   
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Table 7-3 
Future World Scenarios Identified by the Stockholm Environment Institute 
 

Scenario Characteristics 
Conventional Worlds 
Market Forces Competitive, open and integrated global markets drive world 

development.  Social and environmental concerns are 
secondary.   

Policy Reform Comprehensive and coordinated government action is 
initiated for poverty reduction and environmental 
sustainability.   

Barbarization 
Breakdown Conflict and crises spiral out of control and institutions 

collapse.   
Fortress World This scenario features an authoritarian response to the threat 

of breakdown, as the world divides into a kind of global 
apartheid with the elite in interconnected, protected enclaves 
and an impoverished majority outside.   

Great Transitions 
Eco-Communalism This is a vision of bio-regionalism, localism, face-to-face 

democracy and economic autarky.  While this scenario is 
popular among some environmental and anarchistic 
subcultures, it is difficult to visualize a plausible path, from 
the globalizing trends of today to eco-communalism, that does 
not pass through some form of barbarization.   

New Sustainability 
Paradigm 

This scenario changes the character of global civilization 
rather than retreating into localism.  It validates global 
solidarity, cultural cross-fertilization and economic 
connectedness while seeking a liberatory, humanistic and 
ecological transition.   

 
Source:  
Paul Raskin et al, Great Transition: The Promise and Lure of the Times Ahead, 
Stockholm Environment Institute, 2002.   
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Table 7-4 
Some Potential Modes and Instruments of Attack on a US Nuclear Power Plant 
 
Attack Mode/Instrument  Characteristics Present Defense 

Commando-style attack • Could involve heavy 
weapons and sophisticated 
tactics 
• Successful attack would 
require substantial planning 
and resources 

Alarms, fences and lightly-
armed guards, with offsite 
backup 

Land-vehicle bomb • Readily obtainable 
• Highly destructive if 
detonated at target 

Vehicle barriers at entry 
points to Protected Area 

Anti-tank missile • Readily obtainable 
• Highly destructive at point 
of impact 

None if missile launched 
from offsite 

Commercial aircraft • More difficult to obtain 
than pre-9/11 
• Can destroy larger, softer 
targets 

None 

Explosive-laden smaller 
aircraft 

• Readily obtainable 
• Can destroy smaller, 
harder targets 

None 

10-kilotonne nuclear 
weapon 

• Difficult to obtain 
• Assured destruction if 
detonated at target 

None 

 
Notes:   
This table is adapted from Table 7-4 of: Thompson, 2007c.  Sources supporting this table 
include:  
(a) Jim Wells, US Government Accountability Office, testimony before the 
Subcommittee on National Security, Emerging Threats and International Relations, US 
House Committee on Government Reform, 4 April 2006.   
(b) Marvin Fertel, Nuclear Energy Institute, testimony before the Subcommittee on 
National Security, Emerging Threats and International Relations, US House Committee 
on Government Reform, 4 April 2006.   
(c) Danielle Brian, Project on Government Oversight, letter to NRC chair Nils J. Diaz, 22 
February 2006.   
(d) National Research Council, Safety and Security of Commercial Spent Nuclear Fuel 
Storage: Public Report, National Academies Press, 2006.   
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Table 7-5 
Potential Sabotage Events at a Spent-Fuel-Storage Pool, as Postulated in NRC's 
August 1979 GEIS on Handling and Storage of Spent LWR Fuel 
 
Event Designator General Description of Event Additional Details 

Mode 1 • Between 1 and 1,000 fuel 
assemblies undergo extensive 
damage by high-explosive 
charges detonated under water 
• Adversaries commandeer the 
central control room and hold it 
for approx. 0.5 hr to prevent the 
ventilation fans from being 
turned off 

• One adversary can carry 3 
charges, each of which can 
damage 4 fuel assemblies 
• Damage to 1,000 assemblies 
(i.e., by 83 adversaries) is a 
"worst-case bounding estimate" 

Mode 2 • Identical to Mode 1 except 
that, in addition, an adversary 
enters the ventilation building 
and removes or ruptures the 
HEPA filters 

 

Mode 3 • Identical to Mode 1 within the 
pool building except that, in 
addition, adversaries breach two 
opposite walls of the building 
by explosives or other means 

• Adversaries enter the central 
control room or ventilation 
building and turn off or disable 
the ventilation fans 

Mode 4 • Identical to Mode 1 except 
that, in addition, adversaries use 
an additional explosive charge 
or other means to breach the 
pool liner and 5-ft-thick 
concrete floor of the pool 

 

 
Notes:   
(a) Information in this table is from Appendix J of: USNRC, Generic EIS on Handling 
and Storage of Spent Light Water Power Reactor Fuel, NUREG-0575, August 1979.   
(b) The postulated fuel damage ruptures the cladding of each rod in an affected fuel 
assembly, releasing "contained gases" (gap activity) to the pool water, whereupon the 
released gases bubble to the water surface and enter the air volume above that surface.   
 



Environmental Impacts of Storing SNF & HLW from Commercial Nuclear Reactors:  
A Critique of NRC's Waste Confidence Decision & Environmental Impact Determination 

A Report by IRSS, February 2009  
Page 82 

 
 
Table 7-6 
The Shaped Charge as a Potential Instrument of Attack 
 
Category of Information Selected Information in Category 
General information • Shaped charges have many civilian and military 

applications, and have been used for decades  
• Applications include human-carried demolition charges or 
warheads for anti-tank missiles  
• Construction and use does not require assistance from a 
government or access to classified information 

Use in World War II • The German MISTEL, designed to be carried in the nose 
of an un-manned bomber aircraft, is the largest known 
shaped charge 
• Japan used a smaller version of this device, the SAKURA 
bomb, for kamikaze attacks against US warships 

A large, contemporary 
device 

• Developed by a US government laboratory for mounting 
in the nose of a cruise missile 
• Described in an unclassified, published report (citation is 
voluntarily withheld here) 
• Purpose is to penetrate large thicknesses of rock or 
concrete as the first stage of a "tandem" warhead 
• Configuration is a cylinder with a diameter of 71 cm and a 
length of 72 cm 
• When tested in November 2002, created a hole of 25 cm 
diameter in tuff rock to a depth of 5.9 m 
• Device has a mass of 410 kg; would be within the payload 
capacity of many general-aviation aircraft 

A potential delivery 
vehicle 

• A Beechcraft King Air 90 general-aviation aircraft will 
carry a payload of up to 990 kg at a speed of up to 460 
km/hr 
• A used King Air 90 can be purchased in the US for $0.4-
1.0 million  

 
Source:   
This table is adapted from Table 7-6 of: Thompson, 2007c.   
 



Environmental Impacts of Storing SNF & HLW from Commercial Nuclear Reactors:  
A Critique of NRC's Waste Confidence Decision & Environmental Impact Determination 

A Report by IRSS, February 2009  
Page 83 

 
 
Table 7-7 
Performance of US Army Shaped Charges, M3 and M2A3 
 

Type of Shaped Charge Target 
Material 

Indicator 
M3 M2A3 

Maximum wall thickness 
that can be perforated 

60 in  36 in 

Depth of penetration in 
thick walls 

60 in 30 in 

Diameter of hole • 5 in at entrance 
• 2 in minimum 

• 3.5 in at entrance 
• 2 in minimum 

Reinforced 
concrete 

Depth of hole with second 
charge placed over first hole 

84 in 45 in 

Perforation At least 20 in 12 in Armor plate 
Average diameter of hole 2.5 in 1.5 in 

 
Notes:   
(a) Data are from: Army, 1967, pp 13-15 and page 100.   
(b) The M2A3 charge has a mass of 12 lb, a maximum diameter of 7 in, and a total length 
of 15 in including the standoff ring.   
(c) The M3 charge has a mass of 30 lb, a maximum diameter of 9 in, a charge length of 
15.5 in, and a standoff pedestal 15 in long.   
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Table 7-8 
Types of Atmospheric Release from a Spent-Fuel-Storage Module at an ISFSI as a 
Result of a Potential Attack 
 

Type of Event Module Behavior Relevant 
Instruments and 
Modes of Attack 

Characteristics of 
Atmospheric 

Release 
Type I: 
Vaporization 

• Entire module is 
vaporized 

• Module is within 
the fireball of a 
nuclear-weapon 
explosion 

• Radioactive 
content of module is 
lofted into the 
atmosphere and 
amplifies fallout 
from nuc. explosion 

Type II: Rupture 
and Dispersal 
(Large) 

• MPC and overpack 
are broken open 
• Fuel is dislodged 
from MPC and 
broken apart 
• Some ignition of 
zircaloy fuel 
cladding may occur, 
without sustained 
combustion 

• Aerial bombing 
• Artillery, rockets, 
etc.  
• Effects of blast etc. 
outside the fireball 
of a nuclear weapon 
explosion 

• Solid pieces of 
various sizes are 
scattered in vicinity 
• Gases and small 
particles form an 
aerial plume that 
travels downwind 
• Some release of 
volatile species (esp. 
cesium-137) if 
incendiary effects 
occur 

Type III: Rupture 
and Dispersal 
(Small) 

• MPC and overpack 
are ruptured but 
retain basic shape 
• Fuel is damaged 
but most rods retain 
basic shape 
• No combustion 
inside MPC 

• Vehicle bomb 
• Impact by 
commercial aircraft 
• Perforation by 
shaped charge 

• Scattering and 
plume formation as 
for Type II event, 
but involving 
smaller amounts of 
material 
• Little release of 
volatile species 

Type IV: Rupture 
and Combustion 

• MPC is ruptured, 
allowing air ingress 
and egress 
• Zircaloy fuel 
cladding is ignited 
and combustion 
propagates within 
the MPC 

• Missiles with 
tandem warheads 
• Close-up use of 
shaped charges and 
incendiary devices 
• Thermic lance 
• Removal of 
overpack lid 

• Scattering and 
plume formation as 
for Type III event 
• Substantial release 
of volatile species, 
exceeding amounts 
for Type II release 
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Table 7-9 
Estimated Present Value of Cost Risk of a Potential Atmospheric Release from a 
Reactor or Spent-Fuel Pool at Indian Point, Including a Release Caused by an 
Attack 
 

Estimated Present Value of Cost Risk  
for Affected Facility 

Type of Event 

Indian Point 2 
Reactor 

Spent-Fuel Pool 
at the IP2 or 

IP3 Plant 

Indian Point 3 
Reactor 

Full spectrum of releases from 
reactor core damage, for 
internal + external initiating 
events (excluding attack) plus 
uncertainty 

$10.7 million 
(as in License 

Renewal 
Application) 

Not applicable $10.7 million 
(as in License 

Renewal 
Application) 

Fire in pool, for internal + 
external initiating events 
(excluding attack) plus 
uncertainty 

Not applicable $27.7 million 
(assuming 

probability as in 
NUREG-1353) 

Not applicable 

Attack on reactor assuming 
probability of 1 per 10,000 
reactor-years 

$73.2 million Not applicable $62.4 million 

Attack on pool assuming 
probability of 1 per 10,000 
reactor-years 

Not applicable $498 million Not applicable 

Attack on IP2 reactor and pool 
assuming probability of 1 per 
10,000 reactor-years 

$569 million Not applicable 

Attack on IP3 reactor and pool 
assuming probability of 1 per 
10,000 reactor-years 

Not applicable $559 million 

 
(Notes for this table are on the following page.)   
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Notes for Table 7-9:  
(a) This table is adapted from Table 7-7 of: Thompson, 2007c.   
(b) In the second row, the probability of a pool fire is assumed, following NUREG-1353, 
to be 2.0E-06 per reactor-year adjusted by an uncertainty multiplier (the ratio of 95th 
percentile to mean probability) of 2.78.  That multiplier is taken from Table 4.6.8 of 
NUREG-1353, for a 99% cutoff value.  The fire is assumed to yield an atmospheric 
release of 35 MCi of Cs-137, with accompanying offsite costs of $461 billion as 
estimated by Beyea et al.    
(c) An attack on a reactor is assumed here to yield an atmospheric release and 
accompanying offsite costs as estimated in the License Renewal Application for an Early 
High release.   
(d) An attack on a spent-fuel pool is assumed here to initiate a fire that yields an 
atmospheric release of 35 MCi of Cs-137, with accompanying offsite costs of $461 
billion as estimated by Beyea et al.   
(e) A core-damage event and/or a spent-fuel-pool fire at each unit is assumed here to 
yield onsite costs of $2 billion, as estimated in the License Renewal Application for a 
core-damage  event at IP2 or IP3.   
(f) Present value is determined by accumulating annual value over 20 years with a 
discount rate of 7 percent per year.   
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Table 8-1 
Selected Approaches to Protecting US Critical Infrastructure From Attack by Sub-
National Groups, and Some of the Strengths and Weaknesses of these Approaches 
 

Approach Strengths Weaknesses 
Offensive military 
operations internationally 

• Could deter or prevent 
governments from 
supporting sub-national 
groups hostile to the USA 

• Could promote growth of 
sub-national groups hostile 
to the USA, and build 
sympathy for these groups 
in foreign populations 
• Could be costly in terms 
of lives, money and national 
reputation 

International police 
cooperation within a legal 
framework 

• Could identify and 
intercept potential attackers 

• Implementation could be 
slow and/or incomplete 
• Requires ongoing 
international cooperation 

Surveillance and control of 
the domestic population 

• Could identify and 
intercept potential attackers 

• Could destroy civil 
liberties, leading to 
political, social and 
economic decline  

Secrecy about design and 
operation of infrastructure 
facilities 

• Could prevent attackers 
from identifying points of 
vulnerability 

• Could suppress a true 
understanding of risk 
• Could contribute to 
political, social and 
economic decline 

Active defense of 
infrastructure facilities  
(by use of guards, guns, 
gates, etc.) 

• Could stop attackers 
before they reach the target 

• Requires ongoing 
expenditure & vigilance 
• May require military 
involvement 

Resilient design, passive 
defense, and related 
protective measures for 
infrastructure facilities  
(as envisioned in the NIPP) 

• Could allow target to 
survive attack without 
damage, thereby enhancing 
protective deterrence 
• Could substitute for other 
protective approaches, 
avoiding their costs and 
adverse impacts 
• Could reduce risks from 
accidents & natural hazards 

• Could involve higher 
capital costs 
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Table 8-2 
Selected Options to Reduce the Risk of a Spent-Fuel-Pool Fire at a Commercial 
Reactor 
 

Does Option 
Address Fire 

Scenarios Arising 
From:  

Option Passive 
or 

Active? 

Malice? Other 
Events?

Comments 

Re-equip pool with low-
density, open-frame racks 

Passive Yes Yes • Will substantially reduce 
pool inventory of 
radioactive material 
• Will prevent auto-ignition 
of fuel in almost all cases 

Install emergency water 
sprays above pool 

Active Yes Yes • Spray system must be 
highly robust 
• Spraying water on 
overheated fuel can feed 
Zr-steam reaction 

Mix hotter (younger) and 
colder (older) fuel in pool 

Passive Yes Yes • Can delay or prevent 
auto-ignition in some cases 
• Will be ineffective if 
debris or residual water 
block air flow 
• Can promote fire 
propagation to older fuel 

Minimize movement of 
spent-fuel cask over pool 

Active No 
(Most 
cases) 

Yes • Can conflict with 
adoption of low-density, 
open-frame racks 

Deploy air-defense system 
(e.g., Sentinel and 
Phalanx) at site 

Active Yes No • Implementation requires 
presence of US military at 
site 

Develop enhanced onsite 
capability for damage 
control 

Active Yes Yes • Requires new equipment, 
staff and training 
• Personnel must function 
in extreme environments 
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Table 8-3 
Estimation of Incremental Cost if Spent Fuel from a New PWR is Transferred from 
the Spent-Fuel Pool to Dry Storage After 5 Years of Storage in the Pool 
 

Estimation Step Estimate 
Average period of use of a fuel assembly in 
the reactor core 

5 years 

Period of storage of a spent-fuel assembly 
in the spent-fuel pool, prior to transfer to 
dry storage 

5 years 

Point in plant history when transfer of 
spent fuel to dry storage begins 

11th year of plant operation 

Average annual transfer of spent fuel from 
pool to dry storage 

36 fuel assemblies 

Capital cost of transferring spent fuel from 
pool to dry storage 
(given a dry-storage cost of $200 per kgU, 
and a mass of 450 kgU per fuel assembly) 

$3.2 million per year 

Capital cost of transferring spent fuel from 
pool to dry storage 
(given a plant capacity of 1.08 GWe, and a 
capacity factor of 0.9) 

0.04 cent per kWh of nuclear generation 

 
Notes: 
(a) This calculation employs data that apply to the Indian Point 2 nuclear power plant.  
Similar data apply to other US plants.   
(b) Data in this table are from Tables 2-1 and 9-2 of: Thompson, 2007c.   
(c) The capital cost begins in the 11th year of plant operation, and continues while the 
plant operates.   
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DECLARATION BY DR. GORDON R. THOMPSON IN SUPPORT OF HIS  
CRITIQUE OF NRC’S WASTE CONFIDENCE DECISION AND 

ENVIRONMENTAL IMPACT DETERMINATION   
 

I, Dr. Gordon R. Thompson, declare as follows:   
 
1.  I am the executive director of the Institute for Resource and Security Studies (IRSS), a 
nonprofit, tax-exempt corporation based in Massachusetts.  Our office is located at 27 
Ellsworth Avenue, Cambridge, MA 02139.  IRSS was founded in 1984 to conduct technical 
and policy analysis and public education, with the objective of promoting peace and 
international security, efficient use of natural resources, and protection of the environment.  I 
am an expert in the technical analysis of safety, security and environmental issues related to 
nuclear facilities.  A copy of my curriculum vitae is included as Attachment 1 to this 
declaration.    
 
2.  I received an undergraduate education in science and mechanical engineering at the 
University of New South Wales, in Australia.  Subsequently, I pursued graduate studies 
at Oxford University and received from that institution a Doctorate of Philosophy in 
mathematics in 1973, for analyses of plasmas undergoing thermonuclear fusion.  During 
my graduate studies I was associated with the fusion research program of the UK Atomic 
Energy Authority.   My undergraduate and graduate work provided me with a rigorous 
education in the methodologies and disciplines of science, mathematics, and engineering.  
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3.  Since 1977, a significant part of my work has consisted of technical analyses of safety, 
security and environmental issues related to nuclear facilities.  These analyses have been 
sponsored by a variety of nongovernmental organizations and local, state and national 
governments, predominantly in North America and Western Europe.  Drawing upon 
these analyses, I have provided expert testimony in legal and regulatory proceedings, and 
have served on committees advising US government agencies.  To illustrate my expertise, 
I provide in the following paragraphs some details of my experience.   
 
4.  I have conducted, directed, and/or participated in a number of studies that evaluated 
aspects of the design and operation of nuclear facilities with respect to severe accident 
probabilities and consequences.  These include generic studies and studies of individual 
facilities.  For instance, with respect to generic studies on the potential for severe 
accidents at nuclear power plants, I was co-investigator in a study by the Union of 
Concerned Scientists on the "source term" issue – the potential for release of radioactive 
material to the environment.1  Also, I was one of a team of four scientists who prepared, 
for Greenpeace International, a comprehensive critique of the state of the art of 
probabilistic risk assessment (PRA) for nuclear power plants.2   Our report noted that acts 
of malice, such as sabotage and acts of war, are not considered in PRAs, despite a history 
of malicious acts at many nuclear facilities.  In addition, I conducted analysis on the 
relevance of PRA to emergency response planning, as part of a study on emergency 
planning for nuclear power plant accidents.3  All of these studies required me to be highly 
familiar with the design and operation of nuclear power plants, as well as the 
characteristics of probabilistic risk assessment.   
 
5.  I have also done considerable work on the risks posed by individual nuclear facilities.  
In addition to performing the studies described elsewhere in this declaration, I have 
studied the risks posed by the Seabrook, Pilgrim, Vermont Yankee, Diablo Canyon, and 
Three Mile Island plants (USA), the Darlington and Pickering stations (Canada), the 
Sizewell B station (UK) and the Dukovany plant (Czech Republic).  All of these studies 
required me to become familiar with the relevant details of the design and operation of 
the facilities involved.   
 
6.  To a significant degree, my work has been accepted or adopted by relevant 
governmental agencies.  During the period 1978-1979, for example, I served on an 
international review group commissioned by the government of Lower Saxony (a state in 
Germany) to evaluate a proposal for a nuclear fuel cycle center at Gorleben.  I led the 
subgroup that examined accident risks and identified alternative options with lower risk.4  
One of the risk issues that I identified and analyzed was the potential for self-sustaining, 

                                                 
1 Steven Sholly and Gordon Thompson, The Source Term Debate (Cambridge, Massachusetts: Union of 
Concerned Scientists, January 1986).   
2 H. Hirsch et al, IAEA Safety Targets and Probabilistic Risk Assessment (Hannover, Germany: 
Gesellschaft fur Okologische Forschung und Beratung mbH, August 1989).   
3 D. Golding et al, Preparing for Nuclear Power Plant Accidents (Boulder, Colorado: Westview Press, 
1995).   
4 Jan Beyea, Yves Lenoir, Gene Rochlin and Gordon Thompson (subgroup chair), Report of the Gorleben 
International Review, Chapter 3: Potential Accidents and their Effects, submitted (in German) to the 
Government of Lower Saxony, March 1979.   
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exothermic oxidation reactions of fuel cladding in a high-density spent fuel pool if water 
is lost from the pool.  Hereafter, for simplicity, this event is referred to as a "pool fire".5  
In examining the potential for a pool fire, I identified partial loss of water as a more 
severe condition than total loss of water.  I identified a variety of events that could cause 
a loss of water from a pool, including aircraft crash, sabotage, and acts of war.  Also, I 
identified and described alternative fuel storage options with lower risk; these lower-risk 
options included design features such as spatial separation, natural cooling and 
underground vaults.  The Lower Saxony government accepted my findings about the risk 
of a pool fire, and ruled in May 1979 that high-density pool storage of spent fuel was not 
an acceptable option at Gorleben.  As a direct result, policy throughout Germany has 
been to use dry storage in casks, rather than high-density pool storage, for away-from-
reactor storage of spent fuel.   
 
7.  My work has also influenced decision making by safety officials in the U.S. 
Department of Energy (DOE).  During the period 1986-1991, I was commissioned by 
environmental groups to assess the safety of the military production reactors at the 
Savannah River Site, and to identify and assess alternative options for the production of 
tritium for the US nuclear arsenal.  Initially, much of the relevant information was 
classified or otherwise inaccessible to the public.  Nevertheless, I addressed safety issues 
through analyses that were recognized as accurate by nuclear safety officials at DOE.  I 
eventually concluded that the Savannah River reactors could not meet the safety 
objectives set for them by DOE.6  DOE subsequently reached the same conclusion, and 
scrapped the reactors.  The current national policy for tritium production is to employ 
commercial reactors, an option that I had concluded was technically attractive but 
problematic from the perspective of nuclear weapons proliferation.   
 
8.  In 1977, and again during the period 1996-2000, I examined the safety of nuclear fuel 
reprocessing and liquid high-level radioactive waste management facilities at the 
Sellafield site in the UK.  My investigation in the latter period was supported by consortia 
of local governments in Ireland and the UK, and I presented my interim findings at 
briefings in the UK and Irish parliaments in 1998.  I identified safety issues that were not 
addressed in any publicly available literature about the Sellafield site.7  As a direct result 
of my investigation, the UK Nuclear Installations Inspectorate (NII) required the operator 
of the Sellafield site -- British Nuclear Fuels (BNFL) -- to conduct extensive safety 
analyses.  These analyses confirmed the significance of the safety issues that I had 
identified, and in January 2001 the NII established a legally binding schedule for 
reduction of the inventory of liquid high-level radioactive waste at Sellafield.8  The NII 

                                                 
5 At water-cooled reactors, the fuel cladding is made from a zirconium alloy that can enter into a vigorous 
exothermic oxidation reaction with either air or steam.  For simplicity, this reaction can be referred to as a 
"fire".   
6 Gordon Thompson and Steven C. Sholly, No Restart for K Reactor (Cambridge, Massachusetts: Institute 
for Resource and Security Studies, October 1991).   
7 Gordon Thompson, High Level Radioactive Liquid Waste at Sellafield: Risks, Alternative Options and 
Lessons for Policy (Cambridge, Massachusetts: Institute for Resource and Security Studies, June 1998).   
8 Nuclear Installations Inspectorate, "Specification Issued under Licence Condition 32(4) for the Limitation 
of the Accumulation or Storage of Liquid High Level Radioactive Waste in B215.  Licence Instrument 343.  
January 2001."   
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took this action in recognition of the grave offsite consequences of a release to the 
environment from the tanks in which liquid high-level waste is stored.  I had identified a 
variety of events that could cause such a release, including acts of malice or insanity.   
 
9.  In May 2000 I completed a study for Greenpeace International on the hazard potential 
of the La Hague site in France.9  Nuclear fuel reprocessing and related activities are 
conducted at this site.  The operator of the site – COGEMA – was authorized to store 
14,000 tonnes of spent fuel in high-density pools at La Hague, and proposed to increase 
the capacity of these pools to 17,600 tonnes.  My study described the potential for a pool 
fire at La Hague, and identified events – including acts of malice or insanity – that could 
lead to a pool fire.  One of the findings of my study was that neither COGEMA nor the 
French government had a thorough understanding of La Hague's hazard potential, 
including the potential for a pool fire.  Subsequent to the attacks of 11 September 2001 in 
New York and Washington, media exposure brought La Hague's hazard potential to the 
attention of the French government.  During October 2001 the French government 
deployed anti-aircraft missiles at La Hague.   
 
10.  As stated in paragraph 6, I determined in the period 1978-1979 that partial loss of 
water from a high-density spent fuel pool is a more severe condition than total loss of 
water.  This is because convective heat transfer is suppressed by the presence of residual 
water at the base of the fuel assemblies.  During any scenario for loss of water from a 
spent fuel pool, there will be a period of time during which residual water is present.  As 
a result, comparatively old fuel – potentially including fuel aged 10 or more years after 
discharge from a reactor – can ignite if water is lost from a high-density spent fuel pool.  
The NRC Staff failed, for more than two decades, to understand this point.  An 
illustration of the Staff's lack of understanding was provided by its statements during a 
license amendment proceeding in regard to the expansion of spent fuel pool capacity at 
the Harris nuclear power plant.  I served as an expert witness for Orange County, North 
Carolina, the intervenor in this proceeding.  In filings during March and April 2000, the 
Staff repeatedly disparaged my statements that comparatively old fuel can ignite.  A few 
months later, however, the Staff adopted my position.  In a report dated October 2000, 
but not published until January 2001, the Staff recognized that the flow of air to exposed 
fuel assemblies could be blocked by the presence of collapsed structures – which might 
be attributable, for example, to a cask drop or an earthquake – or by the presence of 
residual water.10  The Staff analyzed the heat transfer implications of flow blockage and 
concluded:11   
 

"While the February 2000 [draft] study indicated that for the cases analyzed a 
required decay time of 5 years would preclude a zirconium fire, the revised 
analyses show that it is not feasible, without numerous constraints, to define a 

                                                 
9 Gordon Thompson, Hazard Potential of the La Hague Site: An Initial Review (Cambridge, Massachusetts: 
Institute for Resource and Security Studies, May 2000).   
10 Timothy Collins et al (authors are all from the NRC Staff), Technical Study of Spent Fuel Pool Accident 
Risk at Decommissioning Nuclear Power Plants, October 2000.   
11 Collins et al, October 2000 (op cit), page 2-1.   
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generic decay heat level (and therefore decay time) beyond which a zirconium fire 
is not physically possible."   

 
11.  On numerous occasions, I have drawn attention in my writings and oral presentations 
to the vulnerability of nuclear facilities to acts of malice or insanity.  I have pointed out 
that PRAs do not address acts of malice or insanity, with the result that a PRA can, at 
best, provide a lower bound to the probability of a release of radioactive material.12  In 
1996 I wrote a generic report on war and terrorism as risk factors for nuclear power 
plants.13  Among other findings, this report noted that an act of war or terrorism at a 
nuclear power plant might have as its primary target the spent fuel stored at the plant, 
rather than the reactor.  The report concluded with a statement that:    
 

"Public debate about the future operation of existing nuclear power plants, and the 
construction of new plants, should be broadened to encompass the possible 
involvement of nuclear plants in war or terrorism."   

 
12.  I have reviewed the NRC’s Waste Confidence Decision Update (73 Fed. Reg. 59,551 
(Oct. 9, 2009) and the NRC’s proposed rule entitled “Consideration of Environmental 
Impacts of Temporary Storage of Spent Fuel After Cessation of Reactor Operation” (73 
Fed. Reg. 59,547 (Oct. 9, 2009).  I am generally familiar with NRC technical studies of 
accident risks posed by nuclear power plants and their spent fuel, as well as NRC policies 
and regulations with respect to the protection of nuclear facilities against intentional 
attack.  Also, I am familiar with governing law and guidance, including the National 
Environmental Policy Act and relevant NRC implementing regulations.    
 
13.  I am the author of a report entitled “Environmental Impacts of Storing Spent Nuclear 
Fuel and High-Level Waste from Commercial Nuclear Reactors: A Critique of NRC’s 
Waste Confidence Decision and Environmental Impact Determination (February 6, 
2009).   
 
**************** 
 
The facts presented in this declaration and in the report described in paragraph 13 are true 
and correct to the best of my knowledge, and the opinions expressed in the declaration 
and report are based on my best professional judgment.    
 

 
________________________ 
Dr. Gordon R. Thompson  
 
February 6, 200

                                                 
12 The strengths and weaknesses of PRA methodology are discussed in Hirsch et al, August 1989 (op cit).   
13 Gordon Thompson, War, Terrorism and Nuclear Power Plants (Canberra: Peace Research Centre, 
Australian National University, October 1996).   



 

 
Attachment 1 

 
Curriculum Vitae for Gordon R. Thompson 

August 2008 

 
 
Professional expertise 
 
• Technical and policy analysis in the fields of energy, environment, sustainable 
development, human security, and international security.   
 
Current appointments 
 
• Executive director, Institute for Resource & Security Studies (IRSS), Cambridge, 
Massachusetts (since 1984).   
• Research Professor, George Perkins Marsh Institute, Clark University, Worcester, 
Massachusetts (since 2002).   
 
Education 
 
• D.Phil., applied mathematics, Oxford University (Balliol College), 1973.   
• B.E., mechanical engineering, Univ. of New South Wales, Sydney, Australia, 1967.   
• B.Sc., mathematics & physics, Univ. of New South Wales, 1966.   
 
Project sponsors and tasks (selected) 
 
• Greenpeace Canada, 2007-2008: conducted technical and policy analysis on risk and 
sustainability issues related to the use of nuclear energy.   
• Green Energy Coalition, Pembina Institute, and Ontario Sustainable Energy 
Association, 2008: prepared testimony for submission to the Ontario Energy Board.   
• US Institute of Peace and other sponsors, 2005-2008: co-convened the Working Group 
on US-Iran Health Science Cooperation.   
• World Health Organization, 2006-2007: conducted policy analysis on the potential for 
"health-bridge" programs to improve cooperation within and between nations.   
• Sierra Club of Canada, 2006-2007: prepared a strategy for development of planning and 
public-engagement tools to facilitate action on climate change.   
• Mothers for Peace, California, 2002-2008: analyzed risk issues and prepared expert 
testimony associated with the Diablo Canyon nuclear power plants.   
• Riverkeeper, New York, 2007-2008: analyzed risk issues and prepared expert testimony 
associated with the Indian Point nuclear power plants.   
• Attorney General of Massachusetts, 2006-2008: analyzed risk issues and prepared 
expert testimony associated with the Pilgrim and Vermont Yankee nuclear power plants.   
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• Minnesota Center for Environmental Advocacy, and Minnesotans for an Energy 
Efficient Economy, 2005-2006: conducted technical analysis and provided expert 
testimony regarding management of spent fuel from the Monticello nuclear power plant.   
• California Energy Commission, 2005: conducted technical analysis and participated in 
an expert workshop regarding safety and security of commercial nuclear facilities.   
• Committee on Radioactive Waste Management (a committee appointed by the UK 
government), 2005: provided expert advice and technical analysis on long-term safety 
and security of radioactive waste management.   
• Legal Resources Centre, Cape Town, South Africa, 2004-2007: conducted technical 
analysis regarding the proposed South African pebble bed modular nuclear reactor.   
• STAR Foundation, New York, 2002-2004: reviewed planning and actions for 
decommissioning of research reactors at Brookhaven National Laboratory.   
• Attorney General of Utah, 2003: conducted technical analysis and provided expert 
testimony regarding a proposed national storage facility for spent nuclear fuel.   
• Citizens Awareness Network, Massachusetts, 2002-2003: conducted analysis on robust 
storage of spent nuclear fuel.   
• Tides Center, California, 2002-2004: conducted analysis for the Santa Susana Field 
Laboratory (SSFL) Advisory Panel regarding the history of releases of radioactive 
material from the SSFL.   
• Orange County, North Carolina, 1999-2002: assessed risk issues associated with the 
Harris nuclear power plant, identified risk-reduction options, and prepared expert 
testimony.   
• William and Flora Hewlett Foundation and other sponsors, 1999-2008: performed 
research and project development for conflict-management projects, through IRSS's 
International Conflict Management Program.   
• STAR Foundation, New York, 2000-2001: assessed risk issues associated with the 
Millstone nuclear power plant, identified risk-reduction options, and prepared expert 
testimony.   
• Massachusetts Water Resources Authority, 2000: evaluated risks associated with water 
supply and wastewater systems that serve greater Boston.   
• Canadian Senate, Energy & Environment Committee, 2000: reviewed risk issues 
associated with the Pickering Nuclear Generating Station.   
• Greenpeace International, Amsterdam, 2000: reviewed impacts associated with the La 
Hague nuclear complex in France.   
• Government of Ireland, 1998-2001: developed framework for assessment of impacts 
and alternative options associated with the Sellafield nuclear complex in the UK.   
• Clark University, Worcester, Massachusetts, 1998-1999: participated in confidential 
review of outcomes of a major foundation's grants related to climate change.   
• UN High Commissioner for Refugees, 1998: co-developed a strategy for conflict 
management in the CIS region.   
• General Council of County Councils (Ireland), W. Alton Jones Foundation (USA), and 
Nuclear Free Local Authorities (UK), 1996-2000: assessed environmental and economic 
issues of nuclear fuel reprocessing in the UK; assessed alternative options.   
• Environmental School, Clark University, Worcester, Massachusetts, 1996: session 
leader at the Summer Institute, "Local Perspectives on a Global Environment".   
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• Greenpeace Germany, Hamburg, 1995-1996:  performed a study on war, terrorism and 
nuclear power plants.   
• HKH Foundation, New York, and Winston Foundation for World Peace, Washington, 
DC, 1994-1996: studies and workshops on preventive action and its role in US national 
security planning.   
• Carnegie Corporation of New York, Winston Foundation for World Peace, Washington, 
DC, and others, 1995: collaboration with the Organization for Security and Cooperation 
in Europe to facilitate improved coordination of activities and exchange of knowledge in 
the field of conflict management.   
• World Bank, 1993-1994: a study on management of data describing the performance of 
projects funded by the Global Environment Facility (joint project of IRSS and Clark 
University).   
• International Physicians for the Prevention of Nuclear War, 1993-1994: a study on the 
international control of weapons-usable fissile material.   
• Government of Lower Saxony, Hannover, Germany, 1993: analysis of standards for 
radioactive waste disposal.    
• University of Vienna (using funds supplied by the Austrian government), 1992: review 
of radioactive waste management at the Dukovany nuclear power plant, Czech Republic.   
• Sandia National Laboratories, 1992-1993: advice to the US Department of Energy's 
Office of Foreign Intelligence.   
• US Department of Energy and Battelle Pacific Northwest Laboratories, 1991-1992: 
advice for the Intergovernmental Panel on Climate Change regarding the design of an 
information system on technologies that can limit greenhouse gas emissions (joint project 
of IRSS, Clark University and the Center for Strategic and International Studies).   
• Winston Foundation for World Peace, Boston, Massachusetts, and other funding 
sources, 1992-1993: development and publication of recommendations for strengthening 
the International Atomic Energy Agency.   
• MacArthur Foundation, Chicago, Illinois, W. Alton Jones Foundation, Charlottesville, 
Virginia, and other funding sources, 1984-1993: policy analysis and public education on 
a "global approach" to arms control and disarmament.   
• Energy Research Foundation, Columbia, South Carolina, and Peace Development Fund, 
Amherst, Massachusetts, 1988-1992: review of the US government's tritium production 
(for nuclear weapons) and its implications.   
• Coalition of Environmental Groups, Toronto, Ontario (using funds supplied by Ontario 
Hydro under the direction of the Ontario government), 1990-1993: coordination and 
conduct of analysis and preparation of testimony on accident risk of nuclear power plants.   
• Greenpeace International, Amsterdam, Netherlands, 1988-1990: review of probabilistic 
risk assessment for nuclear power plants.   
• Bellerive Foundation, Geneva, Switzerland, 1989-1990: planning for a June 1990 
colloquium on disarmament, and editing of proceedings.   
• Iler Research Institute, Harrow, Ontario, 1989-1990: analysis of regulatory response to 
boiling-water reactor accident potential.   
• Winston Foundation for World Peace, Boston, Massachusetts, and other funding 
sources, 1988-1989: analysis of future options for NATO (joint project of IRSS and the 
Institute for Peace and International Security).   
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• Nevada Nuclear Waste Project Office, Carson City, Nevada (via Clark University), 
1989-1990: analyses of risk aspects of radioactive waste management and disposal.   
• Ontario Nuclear Safety Review (conducted by the Ontario government), Toronto, 
Ontario, 1987: review of safety aspects of CANDU reactors.   
• Washington Department of Ecology, Olympia, Washington, 1987: analyses of risk 
aspects of a proposed radioactive waste repository at Hanford.   
• Natural Resources Defense Council, Washington, DC, 1986-1987: preparation of expert 
testimony on hazards of the Savannah River Plant, South Carolina.   
• Lakes Environmental Association, Bridgton, Maine, 1986: analysis of federal 
regulations for disposal of radioactive waste.   
• Greenpeace Germany, Hamburg, 1986: participation in an international study on the 
hazards of nuclear power plants.   
• Three Mile Island Public Health Fund, Philadelphia, Pennsylvania, 1983-1989: studies 
related to the Three Mile Island nuclear power plant and emergency response planning.   
• Attorney General, Commonwealth of Massachusetts, 1984-1989: analyses of the safety 
of the Seabrook nuclear power plant, and preparation of expert testimony.   
• Union of Concerned Scientists, Cambridge, Massachusetts, 1980-1985: studies on 
energy demand and supply, nuclear arms control, and the safety of nuclear installations.   
• Conservation Law Foundation of New England, Boston, Massachusetts, 1985: 
preparation of expert testimony on cogeneration potential at a Maine paper mill.   
• Town & Country Planning Association, London, UK, 1982-1984: coordination and 
conduct of a study on safety and radioactive waste implications of the proposed Sizewell 
nuclear power plant, and testimony to the Sizewell Public Inquiry.   
• US Environmental Protection Agency, Washington, DC, 1980-1981: assessment of the 
cleanup of Three Mile Island Unit 2 nuclear power plant.   
• Center for Energy & Environmental Studies, Princeton University, Princeton, New 
Jersey, and Solar Energy Research Institute, Golden, Colorado, 1979-1980: studies on the 
potentials of renewable energy sources.   
• Government of Lower Saxony, Hannover, Federal Republic of Germany, 1978-1979: 
coordination and conduct of studies on safety and security aspects of the proposed 
Gorleben nuclear fuel cycle center.   
 
Other experience (selected) 
 
• Principal investigator, project on "Exploring the Role of 'Sustainable Cities' in 
Preventing Climate Disruption", involving IRSS and three other organizations, 1990-
1991.   
• Visiting fellow, Peace Research Centre, Australian National University, 1989.   
• Principal investigator, Three Mile Island emergency planning study, involving IRSS, 
Clark University and other partners, 1987-1989.   
• Co-leadership (with Paul Walker) of a study group on nuclear weapons proliferation, 
Institute of Politics, Harvard University, 1981.   
• Foundation (with others) of an ecological political movement in Oxford, UK, which 
contested the 1979 Parliamentary election.   
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• Conduct of cross-examination and presentation of expert testimony, on behalf of the 
Political Ecology Research Group, at the 1977 Public Inquiry into proposed expansion of 
reprocessing capacity at Windscale, UK.   
• Conduct of research on plasma theory (while a D.Phil candidate), as an associate staff 
member, Culham Laboratory, UK Atomic Energy Authority, 1969-1973.   
• Service as a design engineer on coal-fired power plants, New South Wales Electricity 
Commission, Sydney, Australia, 1968.   
 
Publications (selected) 
 
• Cost Implications of the Residual Radiological Risk of Nuclear Generation of 
Electricity in Ontario, a report for the Green Energy Coalition et al, 30 July 2008.   
• "The US Effort to Dispose of High-Level Radioactive Waste", Energy and 
Environment, Volume 19, Numbers 3 and 4 (joint issue), 2008, pp 391-412.   
• Design and Siting Criteria for Nuclear Power Plants in the 21st Century, a report for 
Greenpeace Canada, Toronto, January 2008.   
• Risk-Related Impacts from Continued Operation of the Indian Point Nuclear Power 
Plants, a report for Riverkeeper, Tarrytown, New York, 28 November 2007.   
• Assessing Risks of Potential Malicious Actions at Commercial Nuclear Facilities: The 
Case of a Proposed Independent Spent Fuel Storage Installation at the Diablo Canyon 
Site, a report for San Luis Obispo Mothers for Peace, California, 27 June 2007.   
• Health as a Bridge for Peace: Achievements, Challenges, and Opportunities for Action 
by WHO (with Paula Gutlove), a report for the Department for Health Action in Crises, 
World Health Organization, Geneva, 31 December 2006.   
• "Using Psychosocial Healing in Postconflict Reconstruction" (with Paula Gutlove), in 
Mari Fitzduff and Chris E. Stout (eds), The Psychology of Resolving Global Conflicts: 
From War to Peace, Praeger Security International, 2006.   
• "What Role for Nuclear Power in a Sustainable Civilization?", The Green Cross 
Optimist, Spring 2006, pp 28-30.   
• Radiological Risk of Homeport Basing of a Nuclear-Propelled Aircraft Carrier in 
Yokosuka, Japan, a report for the Citizens Coalition Concerning the Homeporting of a 
CVN in Yokosuka, 29 June 2006.   
• Risks and Risk-Reducing Options Associated with Pool Storage of Spent Nuclear Fuel 
at the Pilgrim and Vermont Yankee Nuclear Power Plants, a report for the Attorney 
General, Commonwealth of Massachusetts, 25 May 2006.   
• Reasonably Foreseeable Security Events: Potential threats to options for long-term 
management of UK radioactive waste, a report for the UK Committee on Radioactive 
Waste Management, 2 November 2005.   
• "Plasma, policy and progress", The Australian Mathematical Society Gazette, Volume 
32, Number 3, 2005, pp 162-168.   
• "A Psychosocial-Healing Approach to Post-Conflict Reconstruction" (with Paula 
Gutlove), Mind & Human Interaction, Volume 14, Number 1, 2005, pp 35-63.   
• "Designing Infrastructure for New Goals and Constraints", Proceedings of the 
conference, Working Together: R&D Partnerships in Homeland Security, Boston, 
Massachusetts, 27-28 April 2005, sponsored by the US Department of Homeland 
Security.  (A version of this paper has also been published as CRS Discussion Paper 
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2005-02, Center for Risk and Security, George Perkins Marsh Institute, Clark University, 
Worcester, Massachusetts.)   
• "Potential Radioactive Releases from Commercial Reactors and Spent Fuel", 
Proceedings of the conference, Working Together: R&D Partnerships in Homeland 
Security, Boston, Massachusetts, 27-28 April 2005, sponsored by the US Department of 
Homeland Security.  (A version of this paper has also been published as CRS Discussion 
Paper 2005-03, Center for Risk and Security, George Perkins Marsh Institute, Clark 
University, Worcester, Massachusetts.)   
• Safety of the Proposed South African Pebble Bed Modular Reactor, a report for the 
Legal Resources Centre, Cape Town, South Africa, 12 January 2005.   
• Decommissioning of Research Reactors at Brookhaven National Laboratory: Status, 
Future Options and Hazards, a report for STAR Foundation, East Hampton, New York, 
April 2004.   
• "Psychosocial Healing and Post-Conflict Social reconstruction in the Former 
Yugoslavia" (with Paula Gutlove), Medicine, Conflict and Survival, Volume 20, Number 
2, April-June 2004, pp 136-150.   
• "Reducing the Hazards from Stored Spent Power-Reactor Fuel in the United States" 
(with Robert Alvarez, Jan Beyea, Klaus Janberg, Jungmin Kang, Ed Lyman, Allison 
Macfarlane and Frank N. von Hippel), Science and Global Security, Volume 11, 2003, pp 
1-51.   
• "Health, Human Security, and Social Reconstruction in Afghanistan" (with Paula 
Gutlove and Jacob Hale Russell), in John D. Montgomery and Dennis A. Rondinelli 
(eds), Beyond Reconstruction in Afghanistan, Palgrave Macmillan, 2004.   
• Psychosocial Healing: A Guide for Practitioners, based on programs of the Medical 
Network for Social Reconstruction in the Former Yugoslavia (with Paula Gutlove), IRSS, 
Cambridge, Massachusetts and OMEGA Health Care Center, Graz, Austria, May 2003.   
• A Call for Action to Protect the Nation Against Enemy Attack on Nuclear Power Plants 
and Spent Fuel, and a Supporting Document, San Luis Obispo Mothers for Peace, 
California, April 2003 and May 2003.   
• "Human Security: Expanding the Scope of Public Health" (with Paula Gutlove), 
Medicine, Conflict and Survival, Volume 19, 2003, pp 17-34.   
• Social Reconstruction in Afghanistan through the Lens of Health and Human Security 
(with Paula Gutlove and Jacob Hale Russell), IRSS, Cambridge, Massachusetts, May 
2003.   
• Robust Storage of Spent Nuclear Fuel: A Neglected Issue of Homeland Security, a 
report for Citizens Awareness Network, Shelburne Falls, Massachusetts, January 2003.   
• Medical Network for Social Reconstruction in the Former Yugoslavia: A Survey of 
Participants' Views on the Network's Goals and Achievements, IRSS, Cambridge, 
Massachusetts, September 2001.   
• The Potential for a Large, Atmospheric Release of Radioactive Material from Spent 
Fuel Pools at the Harris Nuclear Power Plant: The Case of a Pool Release Initiated by a 
Severe Reactor Accident, a report for Orange County, North Carolina, 20 November 
2000.   
• A Review of the Accident Risk Posed by the Pickering 'A' Nuclear Generating Station, a 
report for the Standing Committee on Energy, Environment and Natural Resources, 
Canadian Senate, August 2000.   
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• High-Level Radioactive Liquid Waste at Sellafield: An Updated Review, a report for the 
UK Nuclear Free Local Authorities, June 2000.   
• Hazard Potential of the La Hague Site: An Initial Review, a report for  
Greenpeace International, May 2000.   
• A Strategy for Conflict Management: Integrated Action in Theory and Practice (with 
Paula Gutlove), IRSS, Cambridge, Massachusetts, March 1999.   
• Risks and Alternative Options Associated with Spent Fuel Storage at the Shearon 
Harris Nuclear Power Plant, a report for Orange County, North Carolina, February 1999.   
• High Level Radioactive Liquid Waste at Sellafield: Risks, Alternative Options and 
Lessons for Policy, IRSS, Cambridge, Massachusetts, June 1998.   
• "Science, democracy and safety: why public accountability matters", in F. Barker (ed), 
Management of Radioactive Wastes: Issues for local authorities, Thomas Telford, 
London, 1998.   
• "Conflict Management and the OSCE" (with Paula Gutlove), OSCE/ODIHR Bulletin, 
Volume 5, Number 3, Fall 1997.   
• Safety of the Storage of Liquid High-Level Waste at Sellafield (with Peter Taylor), 
Nuclear Free Local Authorities, UK, November 1996.   
• Assembling Evidence on the Effectiveness of Preventive Actions, their Benefits, and 
their Costs: A Guide for Preparation of Evidence, IRSS, Cambridge, Massachusetts, 
August 1996.   
• War, Terrorism and Nuclear Power Plants, Peace Research Centre, Australian National 
University, Canberra, October 1996.   
• "The Potential for Cooperation by the OSCE and Non-Governmental Actors on Conflict 
Management" (with Paula Gutlove), Helsinki  Monitor, Volume 6 (1995), Number 3.   
• "Potential Characteristics of Severe Reactor Accidents at Nuclear Plants", "Monitoring 
and Modelling Atmospheric Dispersion of Radioactivity Following a Reactor Accident" 
(with Richard Sclove, Ulrike Fink and Peter Taylor), "Safety Status of Nuclear Reactors 
and Classification of Emergency Action Levels", and "The Use of Probabilistic Risk 
Assessment in Emergency Response Planning for Nuclear Power Plant Accidents" (with 
Robert Goble), in D. Golding, J. X. Kasperson and R. E. Kasperson (eds), Preparing for 
Nuclear Power  Plant Accidents, Westview Press, Boulder, Colorado, 1995.   
• A Data Manager for the Global Environment Facility  (with Robert Goble), 
Environment Department, The World Bank, June 1994.   
• Preventive Diplomacy and National Security  (with Paula Gutlove), Winston 
Foundation for World Peace, Washington, DC, May 1994.    
• Opportunities for International Control of Weapons-Usable Fissile Material, 
International Physicians for the Prevention of Nuclear War, Cambridge, Massachusetts, 
January 1994.   
• "Article III and IAEA Safeguards", in F. Barnaby and P. Ingram (eds), Strengthening 
the Non-Proliferation Regime, Oxford Research Group, Oxford, UK, December 1993.   
• Risk Implications of Potential New Nuclear Plants in Ontario  (prepared with the help 
of eight consultants), a report for the Coalition of Environmental Groups, Toronto, 
submitted to the Ontario Environmental Assessment Board, November 1992 (3 volumes).   
• Strengthening the International Atomic Energy Agency, IRSS, Cambridge, 
Massachusetts, September 1992.   
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• Design of an Information System on Technologies that can Limit Greenhouse Gas 
Emissions  (with Robert Goble and F. Scott Bush), Center for Strategic and International 
Studies, Washington, DC, May 1992.   
• Managing Nuclear Accidents: A Model Emergency Response Plan for Power Plants 
and Communities  (with six other authors), Westview Press, Boulder, CO, 1992.   
• "Let's X-out the K" (with Steven C. Sholly), Bulletin of the Atomic Scientists, March 
1992, pp 14-15.   
• "A Worldwide Programme for Controlling Fissile Material", and "A Global Strategy for 
Nuclear Arms Control", in F. Barnaby (ed), Plutonium and Security, Macmillan Press, 
UK, 1992.   
• No Restart for K Reactor  (with Steven C. Sholly), IRSS, Cambridge, Massachusetts, 
October 1991. 
• Regulatory Response to the Potential for Reactor Accidents:  The Example of Boiling-
Water Reactors, IRSS, Cambridge, Massachusetts, February 1991.   
• Peace by Piece: New Options for International Arms Control and Disarmament, IRSS, 
Cambridge, Massachusetts, January 1991.   
• Developing Practical Measures to Prevent Climate Disruption  (with Robert Goble), 
CENTED Research Report No. 6, Clark University, Worcester, Massachusetts, August 
1990.   
• "Treaty a Useful Relic", Bulletin of the Atomic Scientists, July/August 1990, pp 32-33.   
• "Practical Steps for the 1990s", in Sadruddin Aga Khan (ed), Non-Proliferation in a 
Disarming World, Proceedings of the Groupe de Bellerive's 6th International 
Colloquium, Bellerive Foundation, Geneva, Switzerland, 1990.   
• A Global Approach to Controlling Nuclear Weapons, IRSS, Cambridge, Massachusetts, 
October 1989.   
• IAEA Safety Targets and Probabilistic Risk Assessment  (with three other authors), 
Greenpeace International, Amsterdam, August 1989.   
• New Directions for NATO  (with Paul Walker and Pam Solo), published jointly by IRSS 
and the Institute for Peace and International Security (both of Cambridge, 
Massachusetts), December 1988.   
• "Verifying a Halt to the Nuclear Arms Race", in F. Barnaby (ed), A Handbook of 
Verification Procedures, Macmillan Press, UK, 1990.   
• "Verification of a Cutoff in the Production of Fissile Material", in F.Barnaby (ed), A 
Handbook of Verification Procedures, Macmillan Press, UK, 1990.   
• "Severe Accident Potential of CANDU Reactors," Consultant's Report in The Safety of 
Ontario's Nuclear Power Reactors, Ontario Nuclear Safety Review, Toronto, February 
1988.   
• Nuclear-Free Zones  (edited with David Pitt), Croom Helm Ltd, Beckenham, UK, 1987.   
• Risk Assessment Review For the Socioeconomic Impact Assessment of the Proposed 
High-Level Nuclear Waste Repository at Hanford Site, Washington  (edited; written with 
five other authors), prepared for the Washington Department of Ecology, December 
1987.   
• The Nuclear Freeze Revisited  (with Andrew Haines), Nuclear Freeze and Arms Control 
Research Project, Bristol, UK, November 1986.  Variants of the same paper have 
appeared as Working Paper No. 18, Peace Research Centre, Australian National 
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University, Canberra, February 1987, and in ADIU Report, University of Sussex, 
Brighton, UK, Jan/Feb 1987, pp 6-9.   
• International Nuclear Reactor Hazard Study  (with fifteen other authors), Greenpeace, 
Hamburg, Federal Republic of Germany (2 volumes), September 1986.   
• "What happened at Reactor Four" (the Chernobyl reactor accident), Bulletin of the 
Atomic Scientists, August/September 1986, pp 26-31.   
• The Source Term Debate: A Report by the Union of Concerned Scientists  (with Steven 
C. Sholly), Union of Concerned Scientists, Cambridge, Massachusetts, January 1986.   
• "Checks on the spread" (a review of three books on nuclear proliferation), Nature, 14 
November 1985, pp 127-128.   
• Editing of Perspectives on Proliferation, August 1985, published by the Proliferation 
Reform Project, IRSS.   
• "A Turning Point for the NPT ?", ADIU Report, University of Sussex, Brighton, UK, 
Nov/Dec 1984, pp 1-4.   
• "Energy Economics", in J. Dennis (ed), The Nuclear Almanac, Addison-Wesley, 
Reading, Massachusetts, 1984.   
• "The Genesis of Nuclear Power", in J. Tirman (ed), The Militarization of High 
Technology, Ballinger, Cambridge, Massachusetts, 1984.   
• A Second Chance: New Hampshire's Electricity Future as a Model for the Nation  (with 
Linzee Weld), Union of Concerned Scientists, Cambridge, Massachusetts, 1983.   
• Safety and Waste Management Implications of the Sizewell PWR  (prepared with the 
help of six consultants), a report to the Town & Country Planning Association, London, 
UK, 1983.   
• Utility-Scale Electrical Storage in the USA: The Prospects of Pumped Hydro, 
Compressed Air, and Batteries, Princeton University report PU/CEES #120, 1981.   
• The Prospects for Wind and Wave Power in North America, Princeton University report 
PU/CEES # 117, 1981.   
• Hydroelectric Power in the USA: Evolving to Meet New Needs, Princeton University 
report PU/CEES # 115, 1981.   
• Editing and part authorship of "Potential Accidents & Their Effects", Chapter III of 
Report of the Gorleben International Review, published in German by the Government of 
Lower Saxony, FRG, 1979; Chapter III published in English by the Political Ecology 
Research Group, Oxford, UK.   
• A Study of the Consequences to the Public of a Severe Accident at a Commercial FBR 
located at Kalkar, West Germany, Political Ecology Research Group, 1978.   
 
Expert presentations and testimony (selected) 
 
• Institute of Environmental Studies, University of New South Wales, Sydney, Australia, 
April 2008: presentation, "Citizen Engagement for Sustainable Society".   
• Department of Urban and Regional Planning, Shaheed Beheshti University, Tehran, 
April 2008: presentation, "Sustainable Cities: Challenges and Opportunities".   
• National Academy of Sciences, Washington, DC, January 2008: presentation, "What do 
interested parties think about the expansion of nuclear energy?"   
• Abt Associates, Cambridge, Massachusetts, March 2007: presentation, "Creating 
Informed Action on Climate Change".   
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• Universities of Medical Science in Tabriz and Isfahan, Iran, April 2007: presentation, 
"Healthy Design of the Built Environment".   
• Minnesota Public Utilities Commission, 2006: testimony regarding trends, risks and 
costs associated with management of spent fuel from the Monticello nuclear power plant.  
• Presentation, "Are Nuclear Installations Terrorist Targets?", at the conference, Nuclear 
Energy: Does it Have a Future?, Drogheda, County Louth, Ireland, 10-11 March 2005.   
• Presentation at the session, "UN Security Council Resolution 1244 and Final Status for 
Kosovo", at the conference, Lessons Learned from the Balkan Conflicts, Boston College, 
Chestnut Hill, Massachusetts, 16-17 October 2004.   
• California Public Utilities Commission, 2004: testimony regarding the nature and cost 
of potential measures for enhanced defense of the Diablo Canyon nuclear power plant.   
• European Parliament, 2003: invited presentation to EP members regarding safety and 
security issues at the Sellafield nuclear site in the UK, and broader implications.   
• US Congress, 2002 and 2003: invited presentations at member-sponsored staff briefings 
on vulnerabilities of nuclear-power facilities to attack and options for improved defenses.   
• Numerous public forums in the USA, 2001-2006: invited presentations to public 
officials and general audiences regarding vulnerabilities of nuclear-power facilities to 
attack and options for improved defenses.   
• UK Consensus Conference on Radioactive Waste Management, 1999: invited testimony 
on information and decision-making.   
• Joint Committee on Public Enterprise and Transport, Irish Parliament, 1999: invited 
testimony on nuclear fuel reprocessing and international security.   
• UK and Irish Parliaments, 1998: invited presentations to members on risks and 
alternative options associated with nuclear fuel reprocessing in the UK.   
• Center for Russian Environmental Policy, Moscow, 1996: invited presentation at a 
forum in parallel with the G-7 Nuclear Safety Summit.   
• Lacey Township Zoning Board, New Jersey, 1995: testimony regarding radioactive 
waste management.   
• Ontario Court of Justice, Toronto, Ontario, 1993: testimony regarding Canada's Nuclear 
Liability Act.   
• Oxford Research Group, seminar on "The Plutonium Legacy", Rhodes House, Oxford, 
UK, 1993: invited presentation on nuclear safeguards.   
• Defense Nuclear Facilities Safety Board, Washington, DC, 1991: testimony regarding 
the proposed restart of K-reactor, Savannah River Site.   
• Conference to consider amending the Partial Test Ban Treaty, United Nations, New 
York, 1991: presentation on a global approach to arms control and disarmament.   
• US Department of Energy, hearing on draft EIS for new production reactor capacity, 
Columbia, South Carolina, 1991: testimony on tritium need and implications of tritium 
production options.   
• Society for Risk Analysis, 1990 annual meeting, New Orleans, special session on 
nuclear emergency planning: presentation on real-time techniques for anticipating 
emergencies.   
• Parliamentarians' Global Action, 11th Annual Parliamentary Forum, United Nations, 
Geneva, 1990: invited presentation on the potential for multilateral nuclear arms control.   
• Advisory Committee on Nuclear Facility Safety, Washington, DC, 1989: testimony on 
public access to information and on government accountability.   
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• Peace Research Centre, Australian National University, seminar on "Australia and the 
Fourth NPT Review Conference", Canberra, 1989: invited presentation regarding a 
universal nuclear weapons non-proliferation regime.   
• Carnegie Endowment for International Peace, Conference on "Nuclear Non-
Proliferation and the Role of Private Organizations", Washington, DC, 1989: invited 
presentation on options for reform of the non-proliferation regime.   
• US Department of Energy, EIS scoping hearing, Columbia, South Carolina, 1988: 
testimony on appropriate scope of an EIS for new production reactor capacity.   
• International Physicians for the Prevention of Nuclear War, 6th and 7th Annual 
Congresses, Koln, FRG, 1986 and Moscow, USSR, 1987: invited presentations on 
relationships between nuclear power and the threat of nuclear war.   
• County Council, Richland County, South Carolina, 1987: testimony on implications of 
severe reactor accidents at the Savannah River Plant.   
• Maine Land Use Regulation Commission, 1985: testimony on cogeneration potential at 
facilities of Great Northern Paper Company.   
• Interfaith Hearings on Nuclear Issues, Toronto, Ontario, 1984: invited presentations on 
options for Canada's nuclear trade and Canada's involvement in nuclear arms control.   
• Sizewell Public Inquiry, UK, 1984: testimony on safety and radioactive waste 
implications of the proposed Sizewell nuclear power plant.   
• New Hampshire Public Utilities Commission, 1983: testimony on electricity demand 
and supply options for New Hampshire.   
• Atomic Safety & Licensing Board, US Nuclear Regulatory Commission, 1983: 
testimony on use of filtered venting at the Indian Point nuclear power plant.   
• US National Advisory Committee on Oceans and Atmosphere, 1982: testimony on 
implications of ocean disposal of radioactive waste.   
• Environmental & Energy Study Conference, US Congress, 1982: invited presentation 
on implications of radioactive waste management.   
 
Miscellaneous 
 
• Married, two children.   
• Extensive experience in public speaking and interviews by representatives of print and 
electronic media.   
• Author of numerous essays and letters in newspapers and magazines.   
 
Contact information 
 
Institute for Resource and Security Studies 
27 Ellsworth Avenue, Cambridge, Massachusetts 02139, USA 
Phone: 617-491-5177    Fax: 617-491-6904   
 



 
 
 
 
 
 
 
 
 
 

Comments of the Institute for Energy and Environmental Research on the  
U.S. Nuclear Regulatory Commission’s Proposed Waste Confidence Rule Update 

and  
Proposed Rule Regarding Environmental Impacts of Temporary Spent Fuel 

Storage1  
Arjun Makhijani, Ph.D. 

President, Institute for Energy and Environmental Research 
6 February 2009 

 
The following are the comments of the Institute for Energy and Environmental Research 
(IEER) on the Nuclear Regulatory Commission’s (NRC’s) proposed Waste Confidence 
Decision Update2 and the associated Consideration of Environmental Impacts of 
Temporary Storage of Spent Fuel after Cessation of Reactor Operation.3   
 
The proposed Waste Confidence Decision warrants careful examination, because it 
serves as the underpinning to several key safety and environmental findings regarding the 
operation of nuclear power plants and the disposal of the wastes that they generate.   
 

• First, the Waste Confidence Decision presents a safety finding, under the Atomic 
Energy Act, that the NRC has reasonable assurance that disposal of spent fuel will 
not pose an undue risk to public health and safety.  It does so via the finding that 
disposal is technically feasible and can be done in conformity with the assumption 
of zero releases in Table S-3 at 10 CFR 51.51, which specifies the environmental 
impacts associated with nuclear reactor operation, including those associated with 
nuclear wastes and emissions.  

• Second, the Waste Confidence Decision provides the basis for a key assumption 
in the uranium fuel cycle rule that spent fuel can be isolated in a repository, with 
no radioactive releases.  That finding, in turn, is key to the NRC’s conclusion that  
the environmental impacts of the entire uranium fuel cycle are insignificant.4  

                                                 
1 These comments were prepared at the request of Texans for a Sound Energy Policy. 
2 NRC 2008   
3 NRC 2008b 
4 10 CFR 51.51 2008 and its Table S-3 2008  
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• Finally, the Waste Confidence Decision provides the basis for the NRC’s Finding 
of No Significant Impact (FONSI) regarding the environmental impacts of 
temporary spent fuel storage pending its disposal in a repository.   

  
As discussed below, IEER believes that the NRC lacks adequate support for the Waste 
Confidence Decision’s first and second proposed findings.  The NRC has simply failed to 
address currently available information which shows that the NRC currently does not 
have an adequate technical basis for a reasonable level of confidence that spent fuel can 
and will be isolated in a geological repository.   
 
The NRC’s lack of support for Findings 1 and 2 of the Waste Confidence Decision also 
fatally undermines the viability of the uranium fuel cycle rule promulgated in 1979.5  In 
that rule, the NRC declared that the environmental impacts of the entire uranium fuel 
cycle would be negligible.  The finding was based in part on the assumption that spent 
fuel would have no radioactive releases after it was placed in a repository.  That 
assumption was based in turn on two other assumptions: (i) that disposal of spent fuel or 
reprocessing high-level waste would be in a salt repository, and (ii) that releases of 
radioactivity from that repository would be zero.  In its draft Waste Confidence Decision, 
the NRC has acknowledged that salt is not a suitable medium for spent fuel disposal.  
Investigations of Yucca Mountain and other non-salt repositories have concluded that 
there are likely to be some releases of radioactivity due to spent fuel disposal.  This 
invalidates the basis of the uranium fuel cycle rule and the Waste Confidence Decision 
that is associated with it.  Other assumptions and findings contained in the 30-year-old 
uranium fuel cycle rule are also demonstrably invalid today, such as the assumption that 
greater than class C (GTCC) waste and depleted uranium (DU) tails can be disposed of in 
a shallow land burial as low-level radioactive waste (LLRW) under present rules.  On the 
contrary, special permitting processes, including environmental impact evaluations will 
be necessary to dispose of these wastes.  The NRC must re-evaluate all of these 
assumptions and findings in light of new information which shows that they are incorrect.  
And the NRC must re-evaluate its overall conclusion that the health impacts of the 
uranium fuel cycle are negligible.   
 
In addition, the NRC’s lack of an adequate basis for Findings 1 and 2 undermines the 
NRC’s basis for a finding that spent fuel can be safely stored on reactor sites pending the 
opening of a repository.  The NRC must conduct a new environmental analysis that 
examines the impacts of onsite spent fuel storage for a much longer period than 50 to 60 
years after the cessation of reactor operations.  This must include considerations relating 
to the potential deterioration of onsite storage canisters and the potential for transfers to 
new onsite storage canisters. 
 
Finally, taken together, the Waste Confidence Decision, the uranium fuel cycle rule, and 
the NRC’s environmental analysis of the impacts of temporary fuel storage completely 
fail to address one of the key environmental questions raised by the proposed licensing 
and re-licensing of nuclear plants:  what does it cost to manage and dispose of the 
radioactive waste generated in the process of operating nuclear plants, and is the cost 
                                                 
5 NRC 1979 
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justifiable in comparison to renewable energy alternatives such as wind and solar power?  
The lack of a credible cost analysis for waste means that alternatives to nuclear power 
cannot be fairly evaluated as required by NEPA. 
 
A. Comments on Finding 1 
 
The NRC proposes to reaffirm Finding 1 unchanged from 1990.  Finding 1 reads as 
follows:  
 

Finding 1: The Commission Finds Reasonable Assurance That Safe Disposal of 
High-Level Radioactive Waste and Spent Fuel in a Mined Geologic Repository 
Is Technically Feasible.6 

 
Three terms in Finding 1 are critical: 
 

• “reasonable assurance” 
• “safe disposal”, and  
• “technically feasible” 

 
The term “safe disposal” involves (i) the safety of building the repository, putting the 
waste in it, and backfilling and sealing it, and (ii) the performance relative to health and 
environmental protection standards for a long period after the repository is sealed.  It 
should be noted that the requirements of showing that there is “reasonable assurance” that 
“safe disposal” of “high-level waste and spent fuel” is “technically feasible” are much 
greater than would be the case if the problem were simply to show that it is possible to 
dig a deep mine, put spent fuel in it, and backfill it.  That would be nothing more than 
dumping.  In the case of a geologic repository system, it is essential to show a reasonable 
basis for confidence that the public and the environment far into the future will be 
adequately protected from the effects of disposal at a specific site and a specific 
engineered system built there. 
 
A scientific explanation of the term “reasonable assurance” requires either physical proof 
that such a facility exists and has operated within expected performance rules or a 
statistically valid argument based on real-world data that would show (i) that all the 
elements for a repository system exist and (ii) that they would work together as designed, 
as estimated by validated models.  The evidence must be sufficient to provide a 
reasonable basis to conclude that the durability of the isolation arrangements would be 
sufficient to meet health and environmental standards for long periods of time – hundreds 
of thousands of years with a high degree of assurance, or in other words, with a high 
probability.  In statistical terms, this means that the upper bound estimate of health and 
environmental damage should be below the maximum allowable limit with a high level 
of confidence.  At present these uncertainties are very large, which means that it is 
reasonable to conclude that under some circumstances the damage could be higher than 
the norms of radiation protection.  See below for examples. 
 
                                                 
6 NRC 2008, p. 59553. 
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The task of determining whether there is an adequate basis for a reasonable assurance of 
technical feasibility is very difficult.  A large part of the difficulty so far as assessing 
long-term integrity and performance arises from the fact that three elements of a mined 
system that is highly perturbed thermally, chemically, and mechanically from its original 
geologic state must be shown to work together to provide “safe disposal” – that is to 
provide disposal that will conform to an agreed and settled radiation protection standard 
for the public and that will also protect workers during the construction period of the 
repository according to prevailing norms for worker protection.  The three elements are: 
 

• The waste and the waste encapsulation system. 
• The backfill and sealant system. 
• The near- and far-field perturbed geologic environment. 

 
We will show that it is a very difficult and complex task to assess the performance of 
each of these elements under the conditions of spent fuel disposal in a repository and that 
a wide range of radiation doses can be estimated from the same general repository type 
and location, including doses that are above regulatory limits. 
 
1.  Lack of realistic demonstration of the technical feasibility of a thermally 
perturbed, sealed repository system  
 
To date, no large-scale demonstration of a system that has been thermally perturbed by 
spent fuel and then back-filled and sealed has been carried out even for a limited period 
of time.  Much less has there been a demonstration over a few decades that a highly 
thermally perturbed and sealed system with large amounts of spent fuel would function in 
the long-term as estimated on paper or via the results of limited experiments.  Moreover, 
many of the experiments that have been proposed, even in highly regarded repository 
programs, are simply inadequate or inappropriate for estimating performance.  For 
instance, an expert team of geologists put together by IEER7  concluded that both the 
thermal and mechanical aspects of the research designed to study the suitability of the 
French repository location were deficient in essential respects, despite the fact that the 
program had many strong points: 
 

A crucial problem for research is that the model must estimate performance not 
of the natural setting but of a geologic system that has been considerably 
disturbed by a large excavation, which may induce fractures not originally 
present, by the introduction of (thermally) hot wastes, and by the addition of 
various backfill materials and seals. Hence, the system being modeled is no 
longer the original geologic system, but a profoundly perturbed system. …. 
Estimation of performance of a system under these conditions with some 
confidence poses challenges that are, in many ways, unparalleled in scientific 
research.  
 
In the specific case of the Bure site, the host rock is argillite, a hard rock 
consisting of clayey minerals, carbonates (mainly calcites), and quartz. The in-
tact rock is not very porous, leading to expectation of diffusive flow in the 

                                                 
7 See Attachment B for the Curriculum Vitae of the team members. 
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absence of fractures and in the absence of disturbance by mining. Such flow 
would be very slow and the expected travel time of radionuclides released from 
waste packages could be very long. 
 
However, the IEER team’s evaluation of (i) the documents, (ii) argillite rock 
properties under conditions of heat and humidity, and (iii) the research done to 
model the site performance indicated that the actual conditions prevailing in an 
actual repository could be very different from diffusive flow. Failure of certain 
components, notably repository seals, could result in rapid (in geological terms) 
transport of radionuclides to the human environment. 
 
ANDRA’s own estimate of dose under conditions of seal failure was higher than 
the allowable limit of 0.25 millisieverts (25 millirem) per year. In this context, 
IEER concluded that ANDRA’s scenario for human exposure was not necessarily 
conservative, in that doses to an autarchic farmer family (also called “subsistence 
farmer family”) using groundwater in certain locations could be even higher than 
the dose at the surface water outcrop estimated by ANDRA.8   

 
Note that as of the date of the IEER report on the Bure site in France, ANDRA’s own 
estimate of dose exceeded its regulations in the event of seal failure.  In this context, 
research on characterizing the long-term integrity of seals becomes critically important.  
And IEER found ANDRA’s research program in this very area to be deficient.  One of its 
principal conclusions about the research on seals was that it seemed to of “marginal 
value” and was far from adequate to enable a sound determination of repository 
performance: 
 

One crucial problem is that the simulated slot sealing test in the 
underground laboratory may be of marginal value and utility.  The test is 
planned to be done very early on after excavation and only over a very 
short period of time relative to the duration of performance requirements 
and even relative to the time lapse over which the actual EDZ [Excavated 
Damaged Zone] will develop, prior to seal installation.  This is neither 
convincing nor satisfactory.  It is difficult to see how and why increasing 
the stress component parallel to the gallery walls will reduce the 
permeability in that direction or how a flatjack can simulate a bentonite 
seal, except in the most crude of approaches.9  

 
Similarly, there has been considerable skepticism about the DOE’s proposed disposal 
configuration for Yucca Mountain.  DOE proposes disposal in the unsaturated zone in a 
configuration in which boiling of water is expected for “the first few hundred years after 
closure…in the drift vicinity.”10  The DOE expects the effects to be as follows: 
 
                                                 
8 Makhijani and Makhijani 2006.  Italics in the original.  This article is based on the full report, which is in 
French: Examen critique du programme de recherche de l'ANDRA pour déterminer l'aptitude du site de 
Bure au confinement géologique des déchets à haute activité et à vie longue : Rapport Final.   Hereafter 
cited as IEER 2005.  The qualifications of the team members are found in Attachment C. 
9 IEER 2005, p. 59, in Chapter 2.  Retranslated from the final French report by Annie Makhijani. 
10 DOE 2008 p. 2.3.3-58 in Chapter 2 
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Thermal expansion of the rock matrix induces thermal stresses and 
associated changes in flow properties near emplacement drifts…. 
Thermally-driven effects also cause dissolution and precipitation of 
minerals, which may affect flow properties (thermal-hydrologic-chemical 
effects). 11 

 
 
While the DOE believes that these processes will not prevent satisfactory repository 
performance, Dr. Don Shettel, an expert geochemist and consultant for the State of 
Nevada, has concluded that a hot temperature design is “fatally flawed.”12  This was 
extensively discussed at the May 18, 2004, meeting of the U.S. Nuclear Waste Technical 
Review Board (NWTRB): 

 
We've talked about thermal concentration of brines and boiling point elevation. We can 
get fingering of concentrated solutions in fractures, thereby increasing the probability and 
percentage of thermal seepage waters that might reach the drift on the EBS [Engineered 
Barrier System]. We have mixed salt deliquescence [absorption of water vapor by solid 
salts so as to dissolve them], not so much from the dust that's on the canisters, but from 
the increased amount of thermal seepage water that we believe can reach the EBS. And, 
if these evaporated or concentrated solutions can reach the EBS before the thermal peak, 
then they can become, even after the thermal peak, get hydrated salts with thermal 
decomposition, with the evolution of acidic solutions and vapors. And, one of the most 
important aspects of this model is the wet-dry cycling or intermittent seepage. If you 
get some seepage on the canisters, and it evaporates to some extent, dries out, the 
addition of water to that can generate acid.  
 
….We believe that the high temperature design for the repository is fatally flawed for 
the number of reasons that I've discussed, and that emplacement in the saturated zone 
would be much better, because that's essentially where DOE has tested their metals 
at. And, the saturated zone is also the much less complicated in terms of processes and 
modeling.13 

 
It is clear from the above, that there are scientists who have carefully studied the problem 
who believe that DOE has tested the metals mainly in an environment [saturated] that is 
fundamentally different than the proposed disposal environment [unsaturated].  
According to them the proposed DOE design is “fatally flawed” and the Yucca Mountain 
repository site is “not adequate.”  Dr. Shettel also stated that an entirely different disposal 
concept in the saturated zone would be “much better.”14 
 
Testing, experiments, and models that seem to bypass essential questions were a problem 
that the IEER team discovered in relation to sealants, as quoted above (proposed tests 
were “neither convincing nor satisfactory”).  Moreover, the problem of wet-dry cycling 
and inadequate modeling was also cited by the IEER team as a significant problem in the 
French repository research program: 

                                                 
11 DOE 2008 p. 2.3.3-58 in Chapter 2 
12 Don Shettel is Chairman and Geochemist, Geoscience Management Institute, Inc.  
13 Shettel 2004.  Emphasis added.   
14 Also see below for further discussion of the corrosion problem. 
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No evidence is found for any model evolution from simple, scoping, or 
conceptual models into design base models that result in conceptual design and 
site evaluation.  Model evaluation potentials against direct, experimental results 
have been omitted.  The simple models described in the documents do not seem 
to be adequate for the evaluation/verification of thermophysical site properties. 
 
It is not clear why one-dimension model results are included in the inverse 
modeling of in situ experiments; the heat flow is not remotely a linear, one-
dimensional problem.  Even the two-dimensional, analytical model result for an 
infinite heater length is a very poor model for the arrangement involving a 2 m-
long heater only.  The large difference between the two-dimensional, analytical, 
and three-dimensional, numerical models disqualifies the other models.   It is 
even questionable whether the model condition of a three-dimensional domain 
assuming homogeneous and isotropic material/physical properties is adequate, 
since the stratigraphy of the Bure site is layered with different properties in 
different directions. 
 
The thermal conductivity, one of the most important thermophysical site 
characteristic, has not been adequately established.  The standard deviation of 
this parameter is unusually high, leaving a large margin of uncertainty in the 
heat-rejecting capacity of the site.  The number of samples used for establishing 
thermophysical site properties based on laboratory samples appears to be low, 
especially considering the potential spatial variation of these properties over the 
proposed storage area. 
 
Although the temperature regime according to the baseline design is below-
boiling, above-boiling operation is not impossible.  A bi-stable system, involving 
either below boiling or above boiling conditions in the emplacement area, is quite 
possible under some circumstances.  A steam cycle therefore is possible under 
certain heat load conditions, namely, if the backfill buffer material cannot 
saturate and the damaged zone cannot re-saturate due to vapor-phase water loss 
caused by the condensing zones of the emplacement area.   
 
Since above-boiling point temperatures are expected in the Type C and spent fuel 
modules for long periods of time in the preferred design selection, these modules 
may develop continuous steam cycles within the emplacement area for 
centuries.15 
 

There is experimental evidence that result of wet-dry cycling at Yucca Mountain could 
result in very rapid corrosion of the C-22 alloy containers.  While the DOE believes the 
contrary, Dr. Roger Staehle, who worked as a consultant for the State of Nevada with a 
research team including other experts and Catholic University of America faculty, made a 
presentation to the NWTRB during which he went through the team’s experimental 
findings for the NWTRB; he concluded with a set of stark “warnings”: 
 

                                                 
15 IEER 2005, pp. 101-102, Chapter 3.  Retranslated from the final French report by Annie Makhijani. 
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Warnings 
1. There is an abundance of warnings as well as solid quantitative data that 
demonstrate that corrosion of the C-22 alloy is inevitable and rapid. 
2. A good paradigm for the warnings about C-22 can be found with Alloy 600 
that was widely used in the nuclear industry as tubing in steam generators and as 
structural components. Alloy 600 has broadly failed in these applications, and 
present failures could easily have been predicted from past occurrences. 
3. There are now abundant warnings that that C-22 alloy is not adequate nor is 
the present design of the repository adequate. Such warnings are founded on 
warnings, some of which are 15 years old. 
4. Further, there is abundant evidence that the YM site itself is not adequate. 
5. The analogies of warnings from the present nuclear industry are abundant and 
apply directly to whether the present design at YM is adequate. The answer is 
that it is not. 
6. Some of the warnings from experience of the water cooled nuclear reactor 
industry apply directly to the design and development of the Yucca Mountain 
facility. These should be carefully assessed, e.g. as they apply to heated surfaces. 
7. Finally, the incapacity to inspect the YM containers requires assurances of 
reliable performance that are higher than those of normal industrial 
expectations.16 

 
The problem of adequacy of the research program or lack thereof points up the critical 
need to have confidence in each of the three elements of geologic disposal.  In the above 
examples, we have shown that in the case of Yucca Mountain the behavior of the 
containers as well as the rest of the Engineered Barrier System has not been characterized 
to the point that independent scientists could agree that Yucca Mountain is a suitable 
disposal site, even though the DOE believes it is.  On the contrary, there is quite a bit of 
evidence that Yucca Mountain is not a suitable site, and may even be “fatally flawed,” 
since the containers are essentially the only effective barrier preventing radionuclide 
releases to the environment. 
 
The Nuclear Waste Technical Review Board considered the question of the potential for 
severe corrosion due to deliquescence at length following the May 2004 meeting from 
which the above presentation is drawn.  While the twists and turns that the issue took are 
technically interesting and illustrate the uncertainties, the most important point to note 
here is that, in the end, the DOE decided to entirely ignore the issue because it believes it 
to be “insignificant”: 
 

Although deliquescence of salts on the waste package surface is expected to occur, this 
process has been excluded from TSPA [Total System Performance Assessment] because 
the effects of such deliquescence have been determined to be insignificant to 
performance (Table 2.2-5, FEP 2.1.09.28.0A, Localized corrosion on waste package 
outer surface due to deliquescence). The physiochemical characteristics of brines 
produced through deliquescence of minerals in deposited dusts are not expected to 
generate an environment favorable for the initiation of localized corrosion and 

                                                 
16 Staehle 2004.  Italics added. 
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propagation for Alloy 22 (UNS N06022) waste packages. In addition, at elevated 
temperatures (greater than 120°C), only small quantities of brine will form from the 
available dust, and brine volume will limit the extent of localized corrosion damage 
should it initiate.17 

And again: 
 

Modeling of evaporative evolution of potential seepage waters shows that 
corrosive calcium and magnesium-chloride brines are not expected to form. As 
noted above, although deliquescence-induced brine formation is expected to 
occur, this process has been excluded from TSPA because the effects of such 
deliquescence have been determined to be insignificant to performance.18  

The Nuclear Waste Technical Review Board, the expert oversight body appointed by 
Congress to oversee the Yucca Mountain program, came to a somewhat different 
conclusion regarding whether deliquescence-induced corrosion should be excluded from 
DOE’s license application: 
 
The NWTRB’s report was sent to Congress with a letter dated August 2008, two months 
after the DOE had submitted its license application concluding that deliquescence-
induced corrosion could be ignored in performance assessment because it was judged to 
be insignificant.  For this very reason, the report is worth quoting at length: 
 

The Board’s January 12, 2007, letter [to the DOE Office of Civilian Radioactive Waste 
Management] and its attached report contained the following additional findings: 

• Cumulative damage due to the combined effects of deliquescence-induced localized 
corrosion and seepage-based localized corrosion merits some analysis. 

• Including seepage-based localized corrosion in TSPA-LA while excluding 
deliquescence-induced localized corrosion is incongruous because the process 
(localized corrosion) is the same in both cases. 

• Deliquescence-induced general corrosion of Alloy 22 should be included in TSPA-
LA. 

• Anomalies among recent experiments at high temperatures, such as unexpectedly 
high general corrosion rates and a maximum of general corrosion rate with respect to 
temperature, require explanation. 

• Effects of waste package surface condition on the corrosion of the waste package 
surface may need more investigation. 

• Including deliquescence-induced localized corrosion in TSPA-LA would add to its 
completeness, robustness, and credibility. 

In a follow-up letter to OCRWM dated July 10, 2007 (Garrick 2007c), the Board 
pointed out that the dust settling on waste package surfaces during ventilation would 
contain significant amounts of organic materials and that reactions between these 
materials and nitrate in the dust could affect the amount of nitrate, which inhibits 

                                                 
17 DOE 2008, p. 2.3.5-10 
18 DOE 2008, p. 2.3.5-12 
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localized corrosion if present in large enough quantities relative to chloride. The 
Board stated that the Project should analyze the effects of the full range of factors 
(e.g., organics in dust, acid-gas devolatilization, and radiolysis) that could influence 
whether inhibitive nitrate-to-chloride ratios persist under repository conditions. 

OCRWM responded to the Board’s January 12, 2007, and July 10, 2007, letters in a 
November 20, 2007, letter (Sproat 2007c). Although the Board agrees with some of 
the points mentioned in the letter, in several instances OCRWM did not address 
points brought up by the Board. For example, in its January 12 letter, the Board 
addressed the apparent incongruity of excluding deliquescence-induced 
localized corrosion while including seepage-based localized corrosion despite the 
fact that both are the same process, i.e., localized corrosion. In its November 20, 
2007, letter, the Project reiterated the differences in the environments between 
deliquescence-induced and seepage based localized corrosion. The Board concurs 
that the environments are quite different, but the processes are not. Regardless of 
whether NRC regulations allow a process to be split in two and one part to be 
discarded, doing so still remains incongruous.  

In addition, the Project refers to components of the dust deposited on waste package 
surfaces as “reactants” or “limited reactants” in several places in its November 20 
letter. Although the Board agrees that many components in the dust could be 
reactants, it seems that the principal reactants in general or localized corrosion would 
be either the water component of deliquescent brines or oxygen dissolved in the 
brines. Both water and oxygen are essentially limitless in supply. If they are 
consumed by the brine in corrosion reactions, they simply will be replenished rapidly 
by dissolution or deliquescence. The Board would welcome additional information 
from the Project about what other components of the dust undergo reactions. Finally, 
although OCRWM claimed that it had addressed Board concerns about the 
effects of organic materials on the nitrate-to-chloride ratio in the November 20 
letter, the basis for this claim is unclear. 

In sum, despite the workshop in September 2006 and the exchange of letters in 
2007, the issue of deliquescence-induced localized corrosion, although 
apparently tractable, remains open.19  

 
In other words, on perhaps the most critical scientific uncertainty for the entire Yucca 
Mountain program, the DOE has 
 

• failed to follow the advice of the Congressionally mandated Technical Review 
Board 

• submitted a license application that dismisses as “insignificant” the very process 
that the NWRTB asked it to include and address further and that has led some 
scientists with considerable expertise to conclude that Yucca Mountain is not an 
adequate site or that the design is “fatally flawed.” 

 
There is no evidence in the draft Waste Confidence Decision that the NRC has taken any 
of this information and analysis into account in reiterating Finding 1 that there is 
“Reasonable Assurance That Safe Disposal of High-Level Radioactive Waste and Spent 
Fuel in a Mined Geologic Repository Is Technically Feasible.”  Further, the NRC draft 

                                                 
19 NWTRB 2008, pp. 27-28, italics and bold emphasis added. 
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Decision also notes that salt repositories are unsuitable for disposal of spent fuel (see 
below).   
 
2. Uncertainty in performance results and the question of technical feasibility 
 
The technical feasibility of “safe disposal” of waste in a geologic disposal system with 
“reasonable assurance” must be judged according to technically sound and legally valid 
performance criteria.  There are two issues that relate to “technical feasibility” in this 
context 
 

a. What is the nature of the performance standards that must be met?  This relates to 
the radiation protection standard set to protect the health and environment of 
future generations from the effects of waste disposal.  

b. Is there reasonable assurance that the performance standard can be met and that 
other safety goals, such as worker safety during constructing, waste emplacement, 
and sealing, can also be met?  This relates to a reasonable level of scientific and 
statistical confidence that the performance standard in terms of health and 
environmental protection will be met in practice. 

 
a. Nature of the Performance Standard 
 
The history of the process of specifying the standards of performance, such as maximum 
allowable dose, the pathways via which that dose must be assessed, and the period over 
which performance must be evaluated, in the United States undermines the NRC’s claim 
of technical feasibility.  The claim is also undermined by estimates of performance that 
cover a wide range and include at the upper limit large exceedance of the current EPA 
radiation dose requirement. 
 
EPA standards for disposal of spent fuel, high-level waste, and transuranic waste were 
first promulgated in 1985 and amended later on to include drinking water protection.20  
The rule specified a period of protection of 10,000 years.  Yet the National Research 
Council study done for the DOE in 198321  had already criticized the EPA proposal 
before its finalization and advocated extending the period of performance for all time, 
judging compliance for the proposed period of 10,000 years to be “rather easy.”22   The 
National Research Council also advocated a maximum individual dose approach rather 
than a population dose approach.   
 
The EPA essentially ignored the National Research Council’s advice and adopted the 
10,000 year limit and limits on total releases of certain radionuclides including carbon-
14.  The EPA standard was to be the fundamental performance criterion for public health 
and environmental protection for spent fuel, high-level waste, and transuranic waste 
disposal. 

                                                 
20 The regulation is 40 CFR 191, and can be found on the Web at 
http://www.access.gpo.gov/nara/cfr/waisidx_08/40cfr191_08.html. 
21 NAS-NRC 1983 Chapter 8. 
22 NAS-NRC 1983 p. 236. 
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Further study showed that the National Research Council’s conclusion that a 10,000 year 
limit would make compliance “rather easy” to be incorrect with respect to unsaturated 
repositories like Yucca Mountain with respect to the specific standard adopted by the 
EPA.  Specifically, the EPA set a limit of carbon-14 emissions of 100 curies per 1,000 
metric tons of heavy metal in spent fuel or equivalent high-level waste.   
 
An EPA panel was convened to examine the question of carbon-14 releases from 
unsaturated repositories like Yucca Mountain.  In 1993, the Science Advisory Board of 
the EPA cast considerable doubt on whether Yucca Mountain, a proposed unsaturated 
repository, could meet the carbon-14 emission limit in the EPA standard:   
 

…[I]t is not possible on the basis of presently available information to 
predict with reasonable confidence whether releases from an unsaturated 
repository  would be less than or greater than the Table 1 (40 CFR 191) 
release limits.  (The Table 1 release limit is one-tenth of the inventory.)23 

 
Instead of looking for a new repository that might meet the standard, Congress mandated 
special standards for Yucca Mountain, which may, in light of the process, be fairly called 
a double-standard-standard.  The scientific basis of these standards was to be provided by 
the National Academy of Sciences. 
 
The National Research Council of the National Academies issued a report in 1995 
advocating a period of performance extending to the peak dose and a rather complex 
method of estimating the peak dose.24  The latter itself generated sufficient controversy 
that one of the panel members, Professor Thomas Pigford, one of the most prominent 
nuclear engineers in the United States (and one of the authors of the 1983 National 
Research Council report), wrote a dissent.  He concluded that the methods of dose 
calculation “in Appendix C are not mathematically valid.”25  He concluded that the 
method adopted 
 

would introduce unjustified and unprecedented leniency in public health protection from 
radioactive waste. 
 

and that 
 
probabilistic exposure scenario [in Appendix C of the National Research Council’s 1995 
report] will be perceived by many as a disguised means of reducing the calculated 
individual doses below the high values (ca. 10 rem per year) that were presented to the 
committee.  Better repository design is the proper means of obtaining low doses, not 
by nonscientific policy fixes.  Policy makers must reject pressures for short-term 
expediency and economy, lest, by enacting policy that compromises scientific 

                                                 
23 Loehr, Nygaard, and Watson 1993 
24 NAS-NRC 1995, Appendix C. 
25 NAS-NRC 1995, Appendix E, p. 177. 
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validity and credibility, it undermines public confidence and puts and end to all 
further nuclear development and research.26 

 
In 2001, the EPA proposed a new standard that applied only to Yucca Mountain.  
Contrary to the advice of the National Research Council report of 1995, it limited the 
period of performance to 10,000 years.27  This was invalidated in court and then the EPA 
proposed a revised draft standard in 2005. 28  That proposed standard was far more lax for 
the period from 10,000 to 1 million years than any radiation protection standard 
protecting today’s population.  At 350 millirem per year, the lifetime risk of fatal cancer 
to women would be as high as 1 in 62.  Higher doses to some people were permitted. For 
a small minority, doses as high as 2 rem would be permitted leading to a lifetime fatal 
cancer risk of 1 in 10.29   
 
The EPA published its final rule in 2008.  It limits doses in the first 10,000 years to 15 
millirem per year committed effective dose equivalent, and to 100 millirem per year in 
the 10,000 to 1 million year period.30  
 
The State of Nevada has sued the EPA over these final standards.31 It should be noted in 
this context that the courts have twice before invalidated EPA “final” rules in regard to 
deep geologic repositories.  Further the NRC has also changed its rules.  In the early 
stages, following the 1980 DOE EIS on geologic disposal it was assumed that the 
containers would be the main barrier for an initial period, such as 1,000 years, but that the 
geologic setting would perform the main job of preventing long-lived radionuclides from 
reaching the human environment. 
 
In sum, after more than a quarter of a century of trying to come up with a standard that 
would apply to spent fuel disposal at a proposed repository (40 CFR 191 applies to spent 
fuel disposal but no repository is proposed to which it might apply and it does not apply 
to the only one that is proposed), the matter of a final standard is still unsettled in that it is 
under litigation.  Without a final standard that is clear of court challenges, performance 
assessment must necessarily rest on guesses about what it might be; this is not a basis on 
which “reasonable assurance” of the technical feasibility of “safe disposal” can be given, 
for the simple reason that there is no accepted definition of safe in relation to Yucca 
Mountain as yet.  This is the current situation even if it could be shown that Yucca 
Mountain could conform to postulated rather than actual settled dose limits. 
 
And, as it happens, there is no reasonable assurance as yet that Yucca Mountain can meet 
the final standard that the EPA has now in place at 40 CFR 197. 
 

                                                 
26 Pigford 1995, emphasis added. 
27 EPA 2001. 
28 EPA 2005 
29 Makhijani and Smith 2005.  The original standard 40 CFR 191 has no specified public health protection 
beyond 10,000 years. 
30 EPA 2008  
31 Nevada v. EPA 2008 (State of Nevada v. Environmental Protection Agency (D.C. Cir., No. 08-1327, 
consolidated with No. 08-1345))  
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b. Evaluating performance 
 
We will assume for the purpose of this section that the EPA standard for Yucca Mountain 
at 40 CFR 197 is the one against which “safe disposal” is to be judged as it concerns 
protection of future generations.  In this limited context, a reasonable assurance of the 
technical feasibility of safe disposal at Yucca Mountain must show that there is a high 
probability that the standard will be met.  This requires that the performance assessment 
that estimates the dose be generally accepted in the scientific community and that 
reasonable technical questions raised by experts on critical issues have been resolved.  
This is not the case with Yucca Mountain.  
 
Analysis provided to the Nuclear Waste Technical Review Board indicates that the 
geologic setting of Yucca Mountain contributes essentially nothing to the performance of 
the site.  This can be seen from the set of DOE graphs in Attachment A, which is a part of 
these comments.  Specifically, Graph A, the first one in Attachment A, shows that in the 
absence of the container, a dose limit of 15 millirem would be greatly exceeded in much 
less than 10,000 years.  Graph A shows that a 25 millirem per year dose limit, which was 
the norm against which the DOE was assessing compliance at the time, would be 
exceeded as soon as 2,000 years after closure and the peak dose would be on the order of 
1,000 millirem well before 10,000 years.  This is more than 60 times the EPA dose limit 
for the period less than 10,000 years.  All of the other graphs show that if the container 
stays intact, the failure of another part of the overall system would not affect doses much 
in the first 10,000 years.  (The peak dose beyond 10,000 years exceeds the limit in 40 
CFR 197 in all cases in this set of DOE graphs – see below). 
 
This puts a premium on the integrity of the container because it is the one element that 
would ensure compliance (according to the DOE model) in the period less than 10,000 
years.  This DOE conclusion that the container is practically the only barrier to the 
release of radioactivity has also been expressed before the Nuclear Waste Technical 
Review Board by an independent expert, Roger Staehle (also quoted above): 
 

The central question that we're all considering here is really the integrity of the 
container. So, whatever we're thinking about has to be directed toward the 
integrity of the container, because that's the primary or virtually the only 
barrier to release of radioactivity. 32 

 
As we have noted above, the question of whether the containers will endure for very long 
is, at best, an open one.  There is clear evidence that they may corrode quickly relative to 
time scales required for assessing performance. 
 
If they do corrode quickly, then the situation described in Graph A of Attachment A, that 
is, doses tens of times greater than the present final EPA standard prior to 10,000 years 
will prevail.  The DOE itself has calculated doses for the repository that vary widely, 
indeed, wildly.  For instance, the most recent estimate, in DOE’s license application for 
the Yucca Mountain repository shows peak doses that would be more than 100 times 

                                                 
32 Staehle 2004 p. 241. 
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lower than the final EPA standard of 100 millirem per year (beyond 10,000 years) 
discussed above.33   But the peak doses shown in Attachment A (base case), prepared by 
the DOE for the NWTRB, are about an order of magnitude higher than the 100 millirem 
standard – that is, they are a thousand times bigger than the estimate in the DOE license 
applications.  As another example, the DOE had estimated doses as high as 10 rem in a 
presentation to the National Research Council, or ten thousand times higher than the 
estimate in the license application (see Dr. Pigford’s quote above).  Finally, DOE’s peak 
dose estimates in its 2002 Final Environmental Impact Statement for Yucca Mountain are 
also much higher than the 100 millirem per year dose to the maximally exposed 
individual.  The Table below is reproduced from DOE's Final EIS for Yucca Mountain.  
Even the mean dose to the “reasonably maximally exposed person (RMEI)” is greater 
than 100 millirem.  The 95 percentile dose for the “reasonably maximally exposed 
person” is far higher – 510 millirem.  Should the population 18 kilometers from Yucca 
Mountain be in the thousands, many individuals would be expected to have doses 
considerably in excess of 500 millirem, since this value is a 95th percentile estimate.  We 
note that even 30 kilometers away, where people live today, the 95 percentile peak dose 
is much greater than 100 millirem per year.  
 

 
Source: “Chapter 5: Environmental Consequences of Long-Term Repository Performance,” p. 5-29, in 
Volume I of Final Environmental Impact Statement for a Geologic Repository for the Disposal of Spent 
Nuclear Fuel and High-Level Radioactive Waste at Yucca Mountain, Nye County, Nevada, DOE/EIS-0250 
(U.S. Department of Energy, February 2002), on the Web at 
http://www.ocrwm.doe.gov/documents/feis_a/vol_1/eis05_bm.pdf. 
 
In sum, at the present juncture, it is impossible to say with any reasonable assurance what 
the radiation doses to the public from a Yucca Mountain repository would be.  The DOE 
itself has in the last few years calculated doses that are different by a factor of 1,000, 
ranging from compliance to non-compliance.  The DOE has dismissed the potential for 
severe corrosion due to deliquescence as insignificant.  But that possibility cannot be 
ruled out on the basis of present scientific evidence.  As discussed above, the DOE chose 
to disregard the advice of the NWTRB on this matter.     
 

                                                 
33 DOE 2008, Table 2.4-2, p. 2.4-357. 
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This demonstrates that there is not enough scientific basis for “reasonable assurance” that 
waste can be disposed of at Yucca Mountain safely for the durations envisaged.  On the 
contrary, the uncertainties continue to be high and the possibility that Yucca Mountain 
could suffer a complete failure (be “fatally flawed”) cannot be reasonably excluded.  The 
NRC does not assume that Yucca Mountain will be licensed.  But its draft Finding 1 has 
not taken into account the data and analysis that indicate the potential that it may not 
meet EPA’s standard and therefore cannot be any part of the basis for its Finding.  
 
Another example throws considerable light on the issue.  For decades it was assumed that 
salt was a suitable medium for high-level waste and spent fuel disposal. Salt sites were 
part of the DOE’s first round set under the Nuclear Waste Policy Act (NWPA).  Over the 
decades DOE has investigated several sites in salt formations.  One of the top three sites 
that DOE selected for characterization for spent fuel disposal was a salt site (in Texas); 
the others were on federally controlled land in Washington State (the basalt site at 
Hanford) and Nevada (the volcanic tuff site at Yucca Mountain).34  But now the NRC 
itself considers salt as unsuitable for spent fuel disposal.  According to the draft waste 
confidence rule: 
 

Salt formations currently are being considered as hosts only for reprocessed 
nuclear materials because heat-generating waste, like spent nuclear fuel, 
exacerbates a process by which salt can rapidly deform. This process could 
potentially cause problems for keeping drifts stable and open during the 
operating period of a repository.35 

 
The problem of salt being an inappropriate medium for spent fuel disposal is linked to a 
larger problem of waste confidence as it relates to assessment of the environmental 
impact from the licensing of reactors. This issue concerns the obsolescence and 
incorrectness of the governing regulation for reactor licensing, 10 CFR 51, which sets 
forth “environmental protection regulations applicable to NRC's domestic licensing and 
related regulatory functions.”36  It is connected to the Waste Confidence Rule and is 
discussed in Section C below. 
 
The NRC also did not consider the third geologic formation that was in the DOE’s top 
three: the basalt formation at the Hanford Washington site.  Many serious defects of the 
site, including very serious problems in safety, were noted by one of the leading geologist 
in the United States, Donald E. White, who was a member of the National Research 
Council panel that wrote a report for the DOE on geologic isolation.  In regard to safety 
Dr. White noted three “threatening effects” including “rock bursting,” “costly and 
troublesome drainage problems” and the following: 
 

Construction of the repository at very high in-site temperatures, estimated by 
Rockwell to be 57oC  but possibly considerably higher.  Refrigeration on a scale 
seldom if ever attempted in world mining may be necessary.  The costs in time, 
money, energy, and lives of men are likely to be very high. 

                                                 
34 See Nevada timeline 1999 
35 NRC 2008, p. 59555. 
36 10 CFR 51.1 2008 
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Even if each of the above [threatening effects] is individually tractable, all in 
combination may be intolerable.  More satisfactory alternatives probably can 
be found elsewhere.37 

 
The DOE ignored this 1983 analysis and went ahead and selected basalt at Hanford as 
one of the top three sites it would characterize. 
 
In the case of granite, the medium in which DOE hoped to find second repository 
locations for characterization, the DOE proceeded with a screening program that was so 
technically deficient that the ranking results were not credible.  Essentially, the scoring 
system adopted by the DOE in its Delphi consultation gave zero weight to criteria for 
which no information was available.  This made them equivalent to criteria which were 
“unimportant” or “judged to be poorly measured.”  In other words, if the DOE did not 
know anything about it then it could be ignored.  As a result, the sites for which the least 
was known would tend be ranked higher than those about which there were more data 
and adverse as well as positive or partly positive characteristics could be evaluated.  In 
other words, the DOE essentially used an “ignorance is bliss” approach to site ranking in 
order to determine which sites it would characterize.”38    The second repository program 
was abandoned in 1986.  
 
We may also cite the example of France in regard to performance, which has the second 
largest number of reactors of any country in the world (after the United States) and which 
has a repository program that has been attempting to characterize a site.  We have already 
noted that the program’s research in regard to seals and thermal effects is deficient in 
certain critical aspects.  We note here than ANDRA, the French agency charged with 
repository characterization and development, itself had found that doses would be greatly 
exceeded in the event of a seal failure.   Calculated peak doses in that scenario due to 
chlorine-36 in Class B waste (the approximate equivalent of U.S. Greater Than Class C 
waste) would be 300 millirem per year and those from due to iodine-129 in spent fuel 
would be 1,500 millirem per year.39  Both of these are greatly in excess of the French 
limit of 25 millirem per year and even of the more lax U.S. final EPA standard for Yucca 
Mountain of 100 millirem per year beyond 10,000 years. 
 
These examples illustrate that it is essential to take into account the specific aspects of 
repository research that are important to assessing whether a given disposal system can 
perform to specified standards for health and environmental protection. 
 
With the exception of salt sites, which the NRC itself rejects for spent fuel, the NRC has 
failed to take the specific scientific evidence about the U.S. repository program and the 
potential for it to meet performance, safety, and health criteria for protecting public 
health, worker safety, and the environment into account.  By failing to examine the 
available evidence in regard to the elements of a repository system relevant to the United 

                                                 
37 White 1983, p. 25, reprinted as an appendix to Makhijani and Tucker 1984, emphasis added. 
38See Makhijani 1986  
39 ANDRA 2001, p. 139. 
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States, the NRC has not met the minimal requirements of a scientifically based analysis 
that is necessary to arrive at a conclusion that there is “reasonable assurance” that safe 
disposal of spent fuel in a repository is technically feasible. 
 
We are not persuaded by the NRC appeal to the fact that 24 countries have repository 
programs..40  The fact that all countries with nuclear power programs have to deal with 
the intractable problem of nuclear waste and have chosen to believe that disposing it of in 
deep underground will solve the problem is not a scientific demonstration of technical 
feasibility of safe disposal of nuclear spent fuel in a geologic repository.  In its Waste 
Confidence Decision Update, the NRC has used information from other countries to 
argue the unexceptionable point that social and political factors are important.  The fact 
remains that no country has a repository for spent fuel or even high-level waste disposal.  
Further, the NRC has not presented technical evidence from the many repository 
programs to show that there are enough data for each of the three elements described 
above – the waste and waste packages, the back fill and sealing system, and the near- and 
far-field environment – in these programs to come to a reasonable conclusion that each is 
sound and that they will function together as modeled with reasonable assurance.  Nor 
has it presented any scientific analysis of how these programs are technically relevant to 
the specific conditions in the United States in terms of assisting the NRC’s ability to 
buttress Finding 1 in regard to the three elements and the modeling of their functioning 
together. 
 
By contrast, we have shown that the U.S. Yucca Mountain site may well not meet 
established radiation protection norms and may even be fatally flawed.  The geologic 
setting is not likely to play a significant role in containment of radionuclides, even 
according to the DOE’s own assessment.  Among other things, the basalt site at Hanford 
presents severe safety issues, which the NRC did not address.  The second round 
repository investigation for granite sites in the United States was a failure, for a variety of 
reasons. 
 
IEER’s detailed review of the French repository program research indicated that the 
research was significantly deficient in certain critical areas – seals and thermal 
perturbation modeling.  And we have shown that ANDRA’s own estimates of doses in 
case of failure of seals would result in doses that would greatly exceed both French and 
U.S. disposal standards.  The NRC itself has deemed salt unsuitable for spent fuel.  Yet it 
did not explore the implications of that conclusion for the Waste Confidence Decision 
Update or for its reactor licensing program (see Section C below).  The NRC mentions 
that the German salt dome repository program at Gorleben was suspended “[a]fter 
decades of intense discussions and protests,”41 but mentioned none of the adverse 
technical factors that made the choice of Gorleben controversial or the fatal accident that 
occurred in 1987.42   
 

                                                 
40 NRC 2008, p. 59559. 
41 NRC 2008, p. 59559. 
42 For a discussion of some of the technical factors and the accident see Franke and Makhijani 1987. 
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3. Conclusions regarding Finding 1 
 
In sum, in reiterating Finding 1, the NRC has not taken into account a mountain of data 
and analysis that are relevant to it that show that it is far from assured that safe disposal 
of spent fuel in a geologic respistory is technically feasible.  The NRC has not met either 
of the criteria we set forth at the beginning of this section for assessing whether there was 
reasonable assurance that safe disposal is technically feasible.  In the absence of data 
from a repository that has been sealed after spent fuel has actually been disposed of – and 
such data does not exist because no such repository exists – the NRC must provide data 
on and analysis of the major elements of a site that could be developed in the United 
States and show that the three elements required in any repository system would work 
together satisfactorily (i.e., meet radiation protection standards) and that such a repository 
could be safely built.  The NRC has not done this.  It has not evaluated the severe 
problems that the U.S. repository program has encountered and the many twists and turns 
that rules and regulations have taken as a result, notably with respect to Yucca Mountain.  
Indeed, the NRC has provided no scientific evidence in its Draft Decision that there is 
reasonable assurance in the scientific and statistical sense of the term that there is 
reasonable assurance safe disposal of spent fuel in a geologic repository is technically 
feasible.   
 
In view of the above, we conclude that the NRC’s Finding 1 should be modified.  This is 
necessary on its own, but it is especially necessary in view of the fact that Finding 2 
depends on Finding 1.  We recommend that Finding 1 be modified to read: 
 

1. While some of the elements of deep geologic disposal have been studied to a 
sufficient degree that they may be viable elements of a disposal system, an entire 
thermally and mechanically perturbed system has never been tested.  The data on 
the individual elements of the perturbed and sealed system and for their combined 
functioning are not yet sufficient to determine the performance of a repository for 
safe spent fuel disposal with reasonable assurance.  

2. The DOE has been pursuing study and characterization of repositories for decades 
and essential technical questions in relation to performance continue to be in 
doubt.  Under some circumstances, the impact of disposing of spent fuel in a 
geologic repository could be significant. 

3. Considerable further work remains to be done before there can be reasonable 
assurance that safe disposal of spent fuel and high-level waste in a deep geologic 
repository in the United States is technically feasible. 

 
We have also concluded that a new generic environmental impact statement is needed to 
address the fundamental deficiencies of Table S-3.  Licenses for new reactors and 
extension of licenses of existing reactors cannot be properly granted on the basis of the 
existing Table S-3. 
 

Kevin
Sticky Note
incorporate this paragraph into ferm 3 contentions
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B. Comments on Proposed Finding 2 
 
The proposed Finding 2 states: 
 

The Commission finds reasonable assurance that sufficient mined geologic 
repository capacity can reasonably be expected to be available within 50–60 
years beyond the licensed life for operation (which may include the term of a 
revised or renewed license) of any reactor to dispose of the commercial HLW 
and spent fuel originating in such reactor and generated up to that time.43 

 
The NRC has made an unwarranted leap from its “Finding 1”44 that a geologic repository 
for disposal of high-level waste and spent fuel is technically feasible to the conclusion 
that there is “reasonable assurance” of the actual availability of a repository within 50 or 
60 years beyond the operating license of any commercial reactor in the United States. 
 
In order to proceed from a finding that a geologic repository is technically feasible to the 
conclusion that one will be available within a specified time frame (in this case ~100 to 
150 years), at least three additional demonstration elements are necessary.  First, it must 
be shown that the requisite work of finding, characterizing, licensing and developing an 
actual site suitable for disposal of the actual amounts of waste to be generated is possible 
within the stipulated time.  Second, a demonstration of financial feasibility and 
reasonableness is needed.  And thirdly, a demonstration of political and social 
acceptability is also necessary.  We will consider this last question first. 
 
1. Social and Political Acceptability 
 
The NRC has provided a survey of various country programs in order to review the issue 
of social and political acceptability.45  This survey itself shows that there can be no 
confidence that the necessary social and political conditions exist in the United States to 
provide any assurance that a repository can be developed in any foreseeable time frame.  
Second, the NRC’s survey is partly inaccurate.  Third, the NRC’s survey is essentially 
incomplete in that it omits the country that is often held up as being exemplary for 
nuclear power – France. 
 
We discuss the NRC’s survey before proceeding to the specific discussion of the situation 
in the United States. 
 

1. United Kingdom: 
 
The NRC appears to believe that the United Kingdom had a repository program for high 
level waste and spent nuclear fuel in the 1990s.  Specifically the draft rule states the 
following  

                                                 
43 NRC 2008, p. 59561. 
44 NRC 2008, p. 59553.  See below for comments on Finding 1. 
45 NRC 2008, pp. 59559-59561. 
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In the United Kingdom, in 1997, an application for the construction of a 
rock characterization facility at Sellafield was rejected, leaving the 
country without a path forward for long-term management or disposal of 
HLW or SNF.  In 1998, an inquiry by the UK House of Lords 
subsequently endorsed geologic disposal, but specified that public 
acceptance was required.46 
 

The NRC appears to have its facts about the UK repository program wrong.  According 
to a timeline and status report by Alan Hooper of Nirex, Britain’s waste management 
company, the geological investigations for a high-level waste repository were short-lived; 
they did not involve an application for a rock characterization facility: 
 

• 1976—The Royal Commission on Environmental Pollution 
(Flower’s Report) recommended the creation of a National 
Waste Disposal Corporation. 

• 1979—Start of program of geological investigations for HLW 
disposal. 

• 1981—Termination of the geological investigations and 
suspension of a decision on high-level waste disposal for 50 
years. 

• 1982—Nuclear Industry Radioactive Waste Executive (NIREX) 
created to implement Government policy on intermediate-level 
waste (ILW) and low-level waste (LLW). 

• … 
• 1987—Abandonment of the near-surface program and adoption of new policy 

that all ILW and LLW should go deep…; new deep site selection process started. 
• … 
• 1991—Nirex decides to focus investigations on Sellafield in Cumbria. 
• 1992—Nirex announces plans for a Rock Characterisation Facility (RCF) at 

Sellafield; the plans were eventually considered at a public inquiry which ended 
in 1996. 

• 1997—Decision by Government not to allow Nirex to proceed 
with the RCF, thus terminating the UK’s siting program.47 

 
As can be seen, the UK terminated its HLW geologic disposal investigations in 1981.  
The rock characterization facility to which the NRC refers was for Intermediate Level 
Waste (similar to Greater Than Class C waste in the United States), which is also 
mandated for deep geologic disposal.  However, the geologic requirements for disposal of 
ILW are much less stringent than for high-level waste or spent fuel, because the 
characteristics of these wastes are very different.  For instance, the specific activity of 
high-level waste and spent fuel is generally much higher, as is the heat generation.   
 
The UK formed a Committee on Radioactive Waste Management as a vehicle for public 
consultation and exploration of the issue of long-term waste management.  As the NRC 

                                                 
46 NRC 2008, p. 29559. 
47 Hooper 2006, pp. 249- 250.  Emphasis added. 
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noted, the most recent evidence is that this is also failing.  According to the draft waste 
confidence rule: 
 

This [program] led to the initiation of a national public consultation, and major 
structural reorganization within the UK program.  In 2007, the Scottish 
Government officially rejected any further consultation with the UK Government 
on deep geologic disposal of HLW and SNF.  Discussions may continue on 
issues of interim storage only. This action by the Scottish Government effectively 
ends more than 7 years of consultations with stakeholders from communities near 
Scottish nuclear installations and represents another major setback for the UK 
program.48 

 
Actually, the Scottish government press release does not mention high-level waste or 
spent nuclear fuel explicitly, but “higher activity” waste,49 which includes intermediate 
level waste in the UK.  In point of fact, the UK has no active repository program that is 
looking at a specific site for high-level waste or spent nuclear fuel and has not had any 
since 1981. 
 
In other words, even though British nuclear waste authorities may believe that a 
repository is technically feasible, the program is at a dead end and only interim storage is 
on the table.  So far the public consultation program has failed to elicit any progress 
towards a high-level waste repository.  In the meantime, the decommissioning and clean-
up of its main reprocessing site (Sellafield) is estimated to take more than 100 years and 
costs have skyrocketed to 73 billion pounds (roughly $100 billion).50  While Sellafield 
was born as a nuclear weapons materials production site, most of the work there and most 
of the waste there has been generated in the past few decades from reprocessing of 
British and (more recently) foreign spent fuel.  These costs do not include waste disposal 
or repository development costs. 
 

2. Germany  
 
The German repository program began investigating a salt dome at Gorleben in 1977.  
Major construction and characterization activities were carried out.  The NRC described 
its status as follows: 
 

After decades of intense discussions and protests, an agreement was reached in 
2000 between the utilities and the government to suspend exploration of 
Gorleben for at least three, and at most, ten years. In 2003, the Federal Ministry 
for the Environment set up an interdisciplinary expert group to identify, with 
public participation, criteria for selecting new candidate sites.51 

 
There is as yet no specific site being characterized.  After more than three decades, the 
program is moribund.  

                                                 
48 NRC 2008, p. 59559. 
49 Scottish Government 2007 
50 Irish Times 2008 
51 NRC 2008, p. 59559-59560. 
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3. Switzerland 

 
The Swiss have done a quarter century of geologic repository research.  In 1998, the 
Swiss was authorities found that a repository was technically feasible and that it has been 
successfully demonstrated, the repository was rejected in a referendum in the canton.52  
The Swiss authorities have no firm date for the opening of a repository, but, according to 
the NRC, they “do not expect [that] a deep geologic repository will be available in their 
country before 2040.” 
 

4. Canada 
 
An independent commission, empanelled by the Canadian government found in 1998 that 
a geologic repository was technically feasible and that the concept had been sufficiently 
demonstrated.  Yet, public acceptance is not assured.  Canadian law requires public 
consultation.  In 2007, Canada adopted an approach of public consultation with 
communities, which will supposedly be “community-driven” and “collaborative.”  No 
site has been selected as yet for characterization.  The authorities recognize that the 
process will take time.  According to the NRC, the Canadian waste authority “assumes 
the availability of a deep geological repository in 2035”53  An assumption is clearly not 
the same as a reasonable assurance.  It simply allows financial calculations to be made.  
Given that the authorities are still on square-one in regard to public acceptance after 37 
years of implementing a program and considerably more than that of nuclear reactor 
experience, the date of 2035 can only be considered notional.  It is not based on an actual 
program of characterization on the ground or the acceptance of a particular community 
located at a specific site. 
 

5. Finland 
 
Finland is the only country with an active nuclear power program and an active 
repository program where the host community government has approved of the 
repository site and agreed to host it.  The opening of the deep repository is expected in 
2020.54 
 

6. Sweden 
 
Two municipalities in Sweden have agreed to be potential hosts of a geologic repository 
and an application for repository development is estimated to be filed in 2009.55  
However, it should be noted that Sweden has had a national moratorium on the 
construction of new nuclear power plants.56  Therefore, its entire public consultation 
process has been carried out in the context that the waste stream would be limited to that 

                                                 
52 NRC 2008, p. 59560. 
53 Both quotes are from NRC 2008, p. 59560, italics added. 
54 NRC 2008, p. 59560. 
55 NRC 2008, p. 59560. 
56 Lundqvist 2006 p. 227  
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from its existing reactor fleet.  It is an open question whether public acceptability would 
be forthcoming should Sweden reconsider its moratorium and rescind it. 
 

7. France 
 
The NRC has described the above six cases as part of its discussion of Finding 2 and the 
proposed update of this finding. It is interesting that the NRC did not discuss the French 
program (other than a passing mention in a footnote).  In fact, the French program has 
faced serious public opposition and its history is somewhat similar to the one in the 
United States.  The original intent was to characterize more than one site.  Only one site, 
in north-eastern France is being characterized.  It has faced considerable local opposition.  
The selection of a second site (in western France) for characterization was abandoned 
after serious public opposition.57  The French appear to be as averse to having high-level 
nuclear waste in their backyards as people in other countries.  Further, as noted above, 
there are serious technical questions about how ANDRA, the French nuclear waste 
agency, is proceeding to characterize the site and whether the results will be adequate to 
provide a satisfactory scientific basis for performance assessment.  In other words, the 
public’s skepticism about official technical work may not be misplaced, contrary to the 
NRC’s implication that public and political non-acceptance of a geologic repository is 
somehow not based in science.58   
 
2. Political and Social Acceptance Issues in the United States 
 
Political and social acceptance is as essential in a democracy as technical feasibility.  We 
have already discussed that the NRC has not provided the basis for its finding that there is 
reasonable assurance that a repository is technically feasible.  We discuss here the social 
and political aspects of feasibility, which are also important for estimating a schedule.  
The NRC now acknowledges that in developing a repository schedule: 
 

The Commission’s proposed revision of Finding 2 is based on its assessment not 
only of our understanding of the technical issues involved, but also predictions 
of the time needed to bring about the necessary societal and political acceptance 
for a repository site.59 

 
 
The U.S. program has been beset with difficulties that are well known.  Some of them are 
described in the discussion of the proposed update to the NRC’s waste confidence 
findings.  Some others have been discussed above.  The failure of the second repository 
program provides another example.  It was, in large measure, due to public opposition; 
but at least some of that opposition was technically well-founded since there were many 
technical problems with the approach that the DOE used to select the sites in its Draft 
                                                 
57 CNE 2001, pp. 53-55.  
58 The proposed waste confidence rule states “International developments have made clear that technical 
experience and confidence in geologic disposal, on their own, have not sufficed to bring about the broader 
societal and political acceptance needed to realize the authorization of a single national repository.” NRC 
2008, p. 59559. 
59 NRC 2008, p. 59561, emphasis added. 
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Area Recommendation Report.   (An unscientific element in the DOE’s approach to site 
ranking, an essential technical element of site section, is briefly discussed above as an 
example of the problems in the report).  The narrowing of site characterization to one site 
in Nevada was also political.  As discussed above and below, the Yucca Mountain site 
has characteristics that make it unsuitable for a repository.  But in the present context of a 
discussion of the proposed revision to Finding 2, it is sufficient to note that the State of 
Nevada and its representatives have been vigorously opposed to it on a bipartisan basis.  
Further, the political position of those representatives is considerably stronger today than 
it was when the 1987 amendments to the 1982 Nuclear Waste Policy Act (NWPA) were 
passed.  Senator Harry Reid of Nevada is now Majority Leader of the U.S. Senate. 
 
The Yucca Mountain Project also faces serious budgetary constraints.  DOE’s announced 
timetable of an opening by 2020 is contingent on Congressional appropriations.  There is 
no basis in present political reality to assume that the DOE would get what it wants for 
site development.  The United States program is also mired in litigation.  Though a final 
EPA standard has been issued, it is not a given that it will hold up in the courts or that the 
Yucca Mountain site can meet the limits that the EPA has set. 
 
The vigorous opposition of the people of Nevada and also of many along the 
transportation routes to Nevada is a fact that does not bode well for the eventual 
operation of the Yucca Mountain repository.  Only one repository program is proceeding 
with a specific site where a repository may be assumed to open with reasonable 
assurance.  That is the Finnish program, which was undertaken with both national and 
local approval.  There is no other repository program that is on a road that would allow a 
conclusion that a repository would open with “reasonable assurance.”  Indeed, the NRC’s 
revision of Finding 2 is not now dependent on the opening of Yucca Mountain, but on the 
opening of some repository within 50 to 60 years of the termination of the license of any 
operating reactor.60 
 
We now have a President of the United States who is on the record as having stated that 
the Yucca Mountain site is unsuitable.  President Obama has written:   

I want every Nevadan to know that I have always opposed using Yucca Mountain as a 
nuclear waste repository, and I want to explain the many reasons why I've held that view. 

In my state of Illinois, we have faced our own issues of nuclear waste management. 
There are some who believe that Illinois should serve as a repository for nuclear waste 
from other states. My view on this subject was made clear in a 2006 letter to Sen. Pete 
Domenici, who at the time was chairman of the Senate Energy Committee. "States should 
not be unfairly burdened with waste from other states," I wrote. "Every state should be 
afforded the opportunity to chart a course that addresses its own interim waste storage in 
a manner that makes sense for that state." 

That is a position I hold to this day when it comes to both Illinois and Nevada. 

                                                 
60 NRC 2008, p. 59558 and p. 59561. 
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After spending billions of dollars on the Yucca Mountain Project, there are still 
significant questions about whether nuclear waste can be safely stored there. I believe a 
better short-term solution is to store nuclear waste on-site at the reactors where it is 
produced, or at a designated facility in the state where it is produced, until we find a safe, 
long-term disposal solution that is based on sound science. 

In the meantime, I believe all spending on Yucca Mountain should be redirected to other 
uses, such as improving the safety and security of spent fuel at plant sites around the 
country and exploring other long-term disposal options.61 

But if Yucca Mountain fails, it is not at all evident that a second program could be 
successfully put into place, as the NRC assumes.  Besides the repeated delays, cost 
overruns, and technical problems that have plagued the Yucca Mountain program, there 
are other historical facts that need to be taken into account here.  For instance, the DOE’s 
Nuclear Waste Negotiator program, which aimed to find a community by consent, was 
eventually a failure.  President George H.W. Bush appointed David H. Leroy as the 
Nuclear Waste Negotiator in 1990.62 
 
Some attempts to locate a “temporary storage” facility at Native American reservations 
failed outright.  The Private Fuel Storage proposed for Goshute reservation in Utah has 
also essentially failed, despite approval by the NRC, because of state opposition and 
opposition of people within the Goshute tribe to a tribal council decision to host it.  A 
legal challenge remains.63  It is highly unlikely that PFS will get to use the license that the 
NRC has granted it.   
 
There is nothing in the history of the U.S. high-level waste program, from the first 
characterization program near the Lyons, Kansas, site in the 1960s to the Yucca 
Mountain site in 2009, that encourages the view that a repository would gain state 
approval.  In its discussion of Finding 2, the NRC itself has acknowledged that “technical 
experience and confidence” are not enough to create a successful repository program: 
 

It is important to note, however, that broader institutional issues have emerged 
since 1990 that bear on the time it takes to implement geologic disposal. 
International developments have made clear that technical experience and 
confidence in geologic disposal, on their own, have not sufficed to bring about 
the broader societal and political acceptance needed to realize the authorization 
of a single national repository.64 

 

                                                 
61 Obama 2007  
62 Wald 1991 
63 Two agencies of the Department of the Interior have issued decisions effectively ending the proposed 
Private Fuel Storage facility.  See BIA 2006 and BLM 2006.  Discussion of the opposition to the PFS in 
Nevada can be found at 
http://deseretnews.com/article/content/mobile/1,5620,645199671,00.html?printView=true and at  
http://healutah.org/nuclearutah/waste/pfs, among other sources.  Not all challenges have ended.   In July 
2007, Private Fuel Storage made a claim against the Department of the Interior, hoping to reverse the 
decision. See NRC 2008, p. 59566 (footnote 24) – the claim has not been settled. 
64 NRC 2008, p. 59559. 
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The entire history of the program, from Lyons Kansas, to the second round repository 
sites, to PFS, to the continuing legal, technical, and political challenges to Yucca 
Mountain, including now from the President of the United States, lends support to the 
view that both state and local consent are necessary (and consent of the people and 
governments of the tribes in the case of Native Americans) in the United States to the 
opening of a spent fuel repository.65  With this history and with the strong U.S. tradition 
of state political prerogatives and rights, a statement that there is “reasonable assurance” 
that a repository would open in the foreseeable future without both state and local consent 
is unwarranted and unjustified.  This conclusion would stand even if Yucca Mountain 
were a technically suitable site.  And, as discussed above, there are many indications that 
Yucca Mountain is not a technically suitable site.   
 
Yucca Mountain could not even accommodate spent fuel from existing reactors without 
new legislation, much less spent fuel from any new reactors that might be built.  A 
second repository would also require new legislation and, as the proposed update 
acknowledges, it may require new NRC regulations.66  There needs to be reasonable 
assurance that workable legislation would be passed before the NRC can conclude that 
there is “reasonable assurance” that a repository will be available in some general time 
frame.  To fail to provide a basis for assuming that there would be such legislation is to 
fail to provide a satisfactory basis for the central claim in the proposed Finding 2. 
 
The NRC stated in its Draft Waste Confidence rule that its revision of Finding 2 is based 
in part on “predictions of the time needed to bring about the necessary societal and political 
acceptance for a repository site.”67  But the NRC has not provided any political, historical, 
legislative, or social fact, much less an analysis, to support its prediction that that there 
will be sufficient political or societal support for a repository by 50 to 60 years after the 
license of any reactor has expired.  Under the present circumstances, with opposition 
from the President of the United States and from the Majority Leader of the U.S. Senate, 
it is reasonable to conclude that the Yucca Mountain project will sputter along with 
inadequate funds or be ended entirely. 
 
In the absence of action to lift the 70,000 metric ton cap, legislation to authorize a second 
repository is needed.  Moreover, such legislation should be workable.  The history of 
nuclear waste programs around the world indicates that state, local, and (when 
applicable) tribal consent is one essential ingredient of a successful program (though by 
no means the only one).  Further, the federal government must be of one mind in 
pursuing the project over a long period of time.  The history of the NWPA shows that not 
one of these societal and political conditions has been met.  There is no indication in 
political reality that they will be met.  The history of the second repository, which was 
abandoned in 1986, and the Nuclear Waste Negotiator program also points in the same 
direction.  
 

                                                 
65 This does not mean state and local support would be sufficient; it is just one necessary condition.  
Technical, legal, environmental and health criteria also needed to be satisfied.  
66 See footnote 3, NRC 2008, p. 59555. 
67 NRC 2008, p. 59561, emphasis added. 
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Even though it recognizes the important of social and political factors, the NRC proposes 
to find that there is reasonable assurance that there will be a repository any underlying 
legislative or political feasibility analysis.  In effect, the NRC is assuming that the 
Executive Branch of government can confront the Legislative Branch with a fait 
accompli of granting license extensions to existing reactor licensees and licenses to new 
applicants.  The implicit assumption is that Congress must then act to create a repository 
program that will accommodate all the waste and that new legislation will actually result 
in a repository.   
 
The NRC apparently recognizes the weakness of its position regarding Finding 2 in that it 
explicitly solicits comment as to whether it should find instead that storage on site is safe 
“until a disposal facility can reasonably be expected to be available.”68  There is even less 
reasonableness in punting to the indefinite future, when the uncertainties and risks 
become greater.  A large part of the very notion of spent fuel disposal is that it is far too 
risky to leave spent fuel lying around at dozens of sites for the indefinite future.  This 
matter cannot be settled within the framework of dates or simply indefinite deferral of 
decisions.  After repeatedly incorrect Waste Confidence Decisions regarding reasonable 
assurance of repository availability, the reasonable thing now is to do an Environmental 
Impact Statement that properly considers all the alternatives.  This is necessary in any 
case, since a large part of the environmental impact evaluation done in the reactor 
licensing process is either obsolete or wrong or both (see below). 
 
 
3. Financial considerations 
 
There is also no fiscal or economic basis for concluding that there is a reasonable 
assurance that a repository will be available.  The Nuclear Waste Policy Act requires 
nuclear utilities to collect 0.1 cents per kilowatt-hour from ratepayers and provide them to 
the federal government for spent fuel disposal in a repository.  Annual nuclear electricity 
generation was about 787 billion kWh in 2006,69 making that year’s contribution to the 
Nuclear Waste Fund of about 787 million dollars.  About 56,000 metric tons of spent fuel 
have already been generated as of April 2008.  The figure is expected to rise to 119,000 
metric tons by 2035.70   However, reactor relicensing is continuing so this quantity is 
likely to increase, for instance, if nearly all operating reactors are relicensed. 
 
In addition, the geologic repository must also accommodate Department of Energy 
reprocessing high-level waste disposal.  As discussed above, it is highly unlikely that the 
70,000 metric ton cap for the Yucca Mountain site will be lifted by Congress.  The 
financial consequences of these facts must be taken into account in any waste confidence 
ruling dealing with both existing and new reactors. 
 
The DOE’s cost estimate for Yucca Mountain has escalated from about 57.5 billion 
dollars in 2001 to 96 billion dollars in 2008 for a variety of reasons, including more waste 

                                                 
68 NRC 2008, p. 59561. 
69 Data from the U.S. Energy Information Administration (DOE EIA 2009) 
70 DOE OCRWM 2008. 
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and inflation.71  This estimate is based on a smooth functioning of the program from here 
on out.  This is highly unlikely given that program funds are highly likely to be cut, if it is 
not terminated altogether.  It would be prudent and reasonable to assume that the costs of 
Yucca Mountain likely to be well over $100 billion, if it opens.  At 0.1 cent per kWh, and 
90 percent capacity factor for 60 years, the present U.S. reactor fleet will generate about 
$50 billion in revenue.72  Moreover, this revenue is in current dollars, since the fee is not 
adjusted for inflation.  But the costs are subject to inflation, one reason that they keep 
going up with every delay.  Note that the cost estimate of $96 billion is in constant 2007 
dollars.  While there is some additional revenue from DOE defense high-level waste and 
some revenue from interest, this is unlikely to keep pace with rising costs.    
 
It is not reasonable to assume that the present 0.1 cent per kWh fee will suffice to pay for 
the U.S. repository program.  Further, given the political and legislative situation and the 
history of Nevada’s opposition to Yucca Mountain, it is not reasonable to assume that the 
70,000 metric ton cap will be lifted.  Hence a second repository may well be necessary to 
accommodate spent fuel from existing reactors, and the problem will be worse if most or 
all of the reactors are relicensed.  This would be true even if no new reactors are built. 
 
There is at present no way to estimate the costs of a second repository, since the cost 
escalations for the first have been large and the program may fail altogether for one or 
more of a variety of reasons.  In the interim, governmental liabilities for failing to meet 
its statutory deadline for beginning the process of taking ownership and disposing of the 
spent fuel are mounting.  With no reasonable date for Yucca Mountain or a second 
repository in sight, the government’s liabilities may become huge and must be taken into 
account in the overall cost of spent fuel storage and disposal.  The penalty costs cannot at 
present be charged to ratepayers, since the government is in contractual default.  The 
costs are nonetheless real to the people of the United States as a whole and much of the 
money is coming from ratepayers via federal taxes, and the rest from other taxpayers who 
are not now consuming nuclear electricity. 
 
The NRC needs to address the financial uncertainties, legislative difficulties, and other 
political and social problems in making its estimate of the time in which a repository 
might become available.  While political situations are subject to change, there is nothing 
in the past that encourages the view that it is becoming easier to find political acceptance 
for a repository in any part of the country. 
 
In view of the above, the Institute for Energy and Environmental Research makes the 
following recommendations regarding the update of Finding 2. This finding should be 
change to explicitly state that: 
 

1. It is far from assured that a second repository site can be successfully opened in 
the United States without the acceptance of the host state and local community.  

                                                 
71 DOE 2008b 
72 Some of this has already been generated, of course, since ratepayers have been paying into the fund for 
the past quarter of a century.  
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Such acceptance may or may not be forthcoming.  The history of the U.S. 
repository program is not encouraging in this regard. 

2. It is far from assured that the cap of 70,000 metric tons of heavy metal that is 
imposed by the Nuclear Waste Policy Act will be lifted. 

3. In view of 1 and 2 above, commercial nuclear reactor licensees should make 
financial, security, and technical provisions for indefinite, secure, and hardened 
storage of spent fuel at reactor sites.  These provisions should include 
infrastructure for transferring spent fuel bundles from one dry cask to another. 

4. In view of 1, 2, and 3 above a generic EIS on spent fuel management and disposal 
including the alternatives mentioned above needs to be prepared, along with cost 
estimates and estimates of comparative security risks. 

 
C. Requirements for a Generic Environmental Impact Statement on Spent Fuel 
Waste Confidence  
 
The Waste Confidence Decision Update is being proposed in the context of NRC 
relicensing reactors in the existing fleet and of the applications for licenses for new 
reactors that it is considering.  This update has major implications for safety and 
environmental impact.  It will commit generations far into the future to potential harm if 
the NRC does not properly consider all relevant aspects of “safe disposal” and of 
environmental and health impacts of the wastes and radioactivity releases associated with 
reactor operations.   
 
1. Need for a Generic EIS on Waste and Reactor-Related Emissions 
 
As set forth in Section A above, the NRC has not presented a scientific analysis to 
support its claim that there is “reasonable assurance” that “safe disposal” of spent fuel in 
a geologic repository is “technically feasible” (Finding 1) or that it can be opened within 
the time frame set forth in the proposed revision of Finding 2.  On the contrary, it far 
from assured that such safe disposal is technically feasible.  It is important to note in this 
context that the prior Commission bases, on which its earlier findings were based, have 
been invalidated by experience, time, and new scientific understandings, many of which 
have been discussed above.  Consider Yucca Mountain, which should provide the 
strongest case for a technical feasibility determination.  Deadlines have repeatedly 
slipped.  New data on corrosion have emerged.  Some experts have deemed this site as 
inadequate and even “fatally flawed.’  Most of the DOE dose estimates made since 1990 
show exposures in excess of the current EPA standard of 100 millirem beyond 10,000 
years.    As a result, there is considerable scientific basis to doubt that Yucca Mountain is 
a suitable repository or that it should be licensed.  We have discussed a critical problem 
with DOE’s license application in that it sidestepped a key recommendation of the 
NWTRB by declaring it insignificant. There is also no real basis to estimate a future time, 
either as a date or in relation to expiry of reactor licenses, when there can be reasonable 
assurance that a repository can be opened. 
 
The escalation of costs without an actual result in the form of a repository as well as the 
escalation of penalties for the government’s failure to begin disposing of existing wastes 
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is causing waste management costs to escalate well beyond what was projected when the 
program was put into place.  There is no clear current cost estimate of what it will cost to 
dispose of all the spent fuel currently scheduled to be produced from existing licenses and 
license extensions that have already been granted.  This means that it is impossible to 
make a reasonable comparison with alternatives methods of electricity production that do 
no involve the creation of long-lived radioactive waste such as spent fuel and Greater 
Than Class C waste and depleted uranium. 
 
In view of these facts, it is essential for the NRC to prepare a thorough generic 
environmental impact statement on spent fuel that would be generated by new reactors as 
well as from relicensing of existing reactors.  
 
The NRC also needs a current and coherent analysis of the health impacts of the nuclear 
waste that will be created incident to the licensing of new nuclear plants and re-licensing 
of existing nuclear plants.  The need for such a statement is further demonstrated by the 
fact that much of the basis for the assessment of the environmental impacts of reactor 
operation, which is part of the reactor licensing process, is obsolete and/or wrong.  
Specifically, Table S-3 at 10 CFR 51.51, is obsolete or incorrect in many respects, 
especially in regard to assumptions about the impacts of disposal of spent fuel, Greater 
than Class C Waste, Depleted Uranium as well as about other impacts (see below).  Since 
the NRC is now engaged in a sweeping process, via relicensing existing reactors and 
considering new reactor licensees, to allow the creation of vast amounts of new waste, a 
generic EIS is needed. 
 
Finally, the prior EIS on geologic disposal, prepared by the DOE is, like Table S-3, 
hopelessly out of date and also incorrect in essential parts about its estimates of 
environmental and health impacts.  

No pre-existing EIS, already prepared by the NRC or the U.S. Department of Energy 
(“DOE”), is sufficient to support the Waste Confidence Decision.  For instance, the EIS 
prepared by the DOE in 1980 is insufficient in scope and grossly out of date.  As one 
example, the DOE EIS does not anticipate any releases from a properly constructed 
repository in the absence of extraordinary and rare events.  In fact, it stated that:there was 
“every expectation that long-term radiological impacts will be nonexistent.”73  As 
discussed at length above, this is contrary to present understanding of any medium but 
salt, which the NRC itself now says is unsuitable for spent fuel disposal. 

As another example, the DOE did not even examine a repository in tuff, which is the rock 
at Yucca Mountain and has been the only repository being characterized since 1987.  It 
was written before there was an adequate understanding of the complexities of the three 
elements of the disposal system, discussed    above in Section A, and the difficulties of 
estimating their joint performance. For instance, at the time, containers were expected to 
perform the role of a barrier for the early period of disposal, while the geologic system 
would take care of the long-term: 
                                                 
73 DOE 1980, p. 5.72.  The DOE only considered long-term radiological releases in case of improbable 
events such as meteorite impacts 
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The multiple barriers that could contain nuclear waste in deep mined repositories 
fall into two categories: 1) geologic or natural barriers and 2) engineered barriers.  
Geologic barriers are expected to provide isolation of the waste for at least 
10,000 years after the waste is emplaced in a repository and probably will 
provide isolation for millenia [sic] thereafter.  Engineered barriers are those 
designed to assure total containment of the waste within the disposal package 
during an initial period during which most of the intermediate-lived fission 
products decay.  This time period might be as long as 1,000 years…74 

It is clear that when DOE prepared this EIS in 1980, engineered barriers, including 
containers, were not expected to fulfill the main long-term function of containment for 
10,000 years or more.  But the NRC now only requires only an overall performance 
assessment which combines the performance of all elements together and does not put 
any sublimits on the performance of any particular element.  As we have noted in Section 
A, in the case of Yucca Mountain, the essential performance burden in the sense of 
compliance with regulations rests with the containers.  Indeed, the NRC’s rules in this 
regard have also changed since the DOE’s EIS was issued.  The NRC’s first rules 
corresponded more to the DOE’s EIS concept that engineered barriers were to contain the 
waste in an initial period with the geology taking up the function after that.  Those rules, 
which apply to geologic repositories to be licensed by the NRC, are at 10 CFR 60, but 
they Yucca Mountain was exempted from them, just as it was exempted from 40 CFR 
191, Subpart B, which applies to all other repositories.  10 CFR 63, which  requires only 
a combined performance assessment, was promulgated specially for Yucca Mountain. 

Finally, a central part of licensing of new reactors and of the relicensing of existing 
reactors is as it concerns light water reactors (that is, all licensed power reactors in the 
United States) is the requirement that the license applicant prepare an Environmental 
Report that addresses:    
 

Table S-3, Table of Uranium Fuel Cycle Environmental Data, as the 
basis for evaluating the contribution of the environmental effects of 
uranium mining and milling, the production of uranium hexafluoride, 
isotopic enrichment, fuel fabrication, reprocessing of irradiated fuel, 
transportation of radioactive materials, and management of low level 
wastes and high level wastes related to uranium fuel cycle activities to 
the environmental costs of licensing the nuclear power reactor.75 

 
In the sections below we show that Table S-3 is obsolete and incorrect in a number of 
critical areas and needs revision, correction, and updating.76  Since this is the main 
vehicle for assessing the environmental impacts of nuclear energy, a revision of this table 
and of the corresponding parts of 10 CFR 51, needs to be a part of the generic EIS on 
waste and the environmental impacts of nuclear energy.  
 

                                                 
74 DOE 1980, p. 5.1 
75 10 CFR 51.51(e) 2008.  [N.B.: formerly 51.20(e) 1984 ] 
76 The comments below on Table S-3 apply as well to Table S-3A, which is in WASH-1248 and provides 
more detail for Table S-3, when applicable.   
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2. Solid high-level waste and spent fuel disposal impacts 
 
This requirement applies to “any applicant’s environmental report submitted on 
September 4, 1979, or thereafter.”77   In regard to high-level waste or spent fuel, Table S-
3 purports to provide environmental impacts that “are maximized to either of the two fuel 
cycles (uranium only and no recycle).”78   While this purports to be the maximum impact 
from spent fuel disposal (either with or without reprocessing), the claim is either wrong, 
obsolete, or both. 
 
First, the Nuclear Waste Policy Act envisions disposal of spent fuel.  The reprocessing 
impact calculations are therefore irrelevant for present licensing and environmental 
impact considerations.  Second, the Statements of Consideration associated with the 
promulgation of the final rule effective on September 4, 1979, explain the regulation note 
the following in regard to storage and disposal as follows: 
 

In determining the impacts associated with waste management and disposal, the [Nuclear 
Regulatory Commission] staff assumed that high-level waste (or reactor spent fuel treated 
as waste) would be stored in interim facilities (water basins and retrievable surface 
storage facilities) for about twenty years and then disposed of by burial in a bedded salt 
repository.79 

 
In a footnote to this passage, the NRC noted that the original rulemaking had not 
extensively covered deep geologic disposal but subsequent work, published in NUREG-
0116 has remedied that problem: 
 

…NUREG-0116, Section 4.4, provides a 30-page quantitative discussion 
of disposal of long-lived wastes in a bedded salt repository, with citations 
to many relevant technical documents prepared since 1973. 80   

 
Thus, in 1979, the NRC had considered bedded salt as suitable for disposal either of 
reprocessed high-level waste or unreprocessed spent fuel.  Yet, the draft waste confidence 
rule of 2008 states that salt formations are not being considered for spent fuel disposal for 
technical reasons (see quote above).  Hence, Table S-3 is completely outdated and 
inappropriate according to current law, which requires spent fuel disposal, and the NRC’s 
own understanding of salt repositories. 
 
To wit, disposal in salt, which is the basis for estimating the environmental impact of 
high-level waste or spent fuel disposal, is only considered suitable for high-level waste 
resulting from reprocessing, but reprocessing is not the current policy.  Rather, direct 
disposal of spent fuel, for which the NRC would not consider salt formation, is now the 
current policy.   
 

                                                 
77 10 CFR 51.51(e) 2008. 
78 10 CFR 51.51 2008, Table S-3, Footnote 1.  Uranium only means a reprocessing cycle in which only the 
recovered uranium is reused as a fuel. 
79 NRC 1979 
80 NRC 1979, footnote 19 
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Moreover, Table S-3 assumes that there will be no releases whatsoever from solid high-
level waste disposal.81  According to WASH-1248, which is the underlying document 
developed for promulgating the rule: 
 

The most significant solid radiological waste consists of the fission 
products separated from the spent fuel of an annual fuel requirement in 
the reprocessing operation.  These high level wastes will be stored onsite 
for a maximum of 10 yrs., and will ultimately be shipped, probably by 
rail, to a Retrievable Surface Storage Facility (RSSF).  The RSSF will be 
established to store and manage high level solid wastes under constant 
surveillance for up to 100 years, or until such time as a more permanent 
Federal repository can be established.  The facility will be designed to 
prevent the release of significant amounts of radioactive material to the 
environment under all credible environmental conditions and human 
actions.  Therefore, such waste will not be released as effluents to the 
environment.82 

 
The same assumption of essentially zero release and zero impact has evidently been 
applied to spent fuel as well.  The NRC’s 1981 background information on Table S-3 
affirms this as well: 
 

It has been assumed that a geologic repository will be designed and 
operated so as to retain solid radioactive waste indefinitely.83  
 

And again: 
 
The high-level radioactive waste from the once-through fuel cycle 
is the spent fuel assemblies, which will be packaged and disposed 
of in a geologic repository. The radioactive waste from the 
uranium-only recycle option consists of the fuel assembly hulls, 
the high-level and intermediate-level wastes from reprocessing, 
and the plutonium waste. These wastes will be disposed of in a 
geologic repository in the form of solids which will have chemical 
and physical properties that mitigate the release of radionuclides to 
the environs. It is assumed that the geologic repository will be 
designed and operated so that the solid radioactive wastes are 
confined indefinitely.84 

 
Table S-3 does not show any releases from a deep geologic repository though ten million 
curies per reactor-year would be disposed of.  Nor are any adverse health impacts 
estimated.  Of course, these are implicitly zero as well, corresponding to the assumed 
zero release of radionuclides from the repository.  
                                                 
81 Table S-3 was revised in 1979 when 10 CFR 51 was promulgated.  It has not been changed since.  The 
references to Table S-3 are from 10 CFR 51 as it currently stands and to Table S-3A in so far as it is 
compatible with the present Table S-3. 
82 WASH-1248, p. S-23, italics added. 
83 NRC 1981 
84 NRC 1981, p. 13, italics added. 
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In 1983, the Supreme Court affirmed the reasonableness of the zero releases assumed in 
Table S-3 (BG&E v. NRDC, 462 U.S. 87).  This decision was rendered in the context of the 
assumption of disposal of reprocessing high-level waste or spent fuel in a bedded salt 
repository.  As noted above, the assumption of disposal of reprocessing waste from 
commercial spent fuel is obsolete; current law requires disposal of spent fuel.  There is no 
commercial reprocessing facility in the United States.  The assumption of disposal of 
spent fuel in salt has been is no longer scientifically supportable due to the thermo-
mechanical properties of salt.  The NRC itself has concluded that only reprocessing high-
level waste is suitable for disposal in salt.  Further, the assumption of zero release of 
radioactivity due to disposal of spent fuel is contrary to the established scientific 
understanding of the expected performance of all other geologic settings.  For instance, 
all of the DOE documents cited above as well as the graphs shown in Attachment A to 
these comments show positive doses due to disposal of spent fuel in Yucca Mountain.  Of 
course, positive doses can only be the result of positive releases of radionuclides into the 
human environment.  As far back as 1983, the report on geologic isolation prepared for 
the DOE by the National Research Council concluded that radiation doses would be 
positive doses for spent fuel and high level reprocessing waste disposal in all settings 
other than salt that were evaluated – tuff, granite, and basalt.85   
 
The Supreme Court’s 1983 finding that an assumption of zero release from high-level 
waste or spent fuel disposal has therefore been rendered obsolete by the combination of 
following three considerations: 
 

1. The Nuclear Waste Policy Act requires the disposal of waste from commercial 
nuclear power plants in the form of spent fuel rather than reprocessing waste. 

2. Spent fuel cannot be safely disposed of in a salt repository, as acknowledged by 
the NRC (see above) 

3. All other repository settings are now acknowledged to have some releases of 
radioactivity. 

 
10 CFR 51 therefore is no longer valid and as the basis for determining the environmental 
performance of nuclear power plants so far as releases from spent fuel are concerned.  As 
a result it does not provide a satisfactory basis for licensing new nuclear power plants or 
relicensing existing ones.  It also does not provide the basis for confidence that a suitable 
repository will be available that will keep the environmental impacts within the limits 
assumed by Table S-3. 
 
Instead of addressing the substantive issues that it faces in regard to waste confidence in 
the licensing of new reactors or the relicensing of existing reactors under the technical 
and legal conditions that exist today, the NRC has wrongly assumed the problem away in 
its draft waste confidence findings by implicitly assuming that Table S-3 is still valid.  A 
new and valid estimate of the set of environmental impacts from high-level waste and 

                                                 
85 NAS-NRC 1983, Chapter 9.  Estimates of doses from spent fuel disposal are only presented for basalt 
along with the statement that the conclusions for basalt “will apply as well to the other repository media.” 
p. 282. 
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spent fuel disposal is evidently needed as part of any waste confidence rule.  A generic 
environmental impact statement is needed in order to establish the basis on which new 
reactors can be licensed or existing reactors can be relicensed. 
 
We note here that there are other parts of Table S-3 that is obsolete or wrong or both that 
do not concern high-level waste or spent fuel, but relate to the impacts from other parts of 
the fuel cycle.  These also needed to be covered in the new, generic environmental impact 
statement.  Some additional requirements for revision of Table S-3 are discussed in 
below. 

As noted above, Table S-3 is either incorrect or obsolete or both in regard to high-level 
waste and spent fuel disposal in a geologic repository.  There are other ways in which 
these tables do not properly or adequately assess the impact of wastes and effluents 
associated with nuclear reactor operation.  A thorough revision of these tables and the 
associated analysis is necessary to correct them and to assess the environmental impact 
from relicensing existing commercial reactors or licensing new reactors, both of which 
will result in the generation of large amounts of new waste and radioactivity.  We will 
first cover the ways in which Table S-3 is deficient in matters other than high-level waste 
and spent nuclear fuel disposal.  Then we will provide recommendations for the scope of 
the generic environmental impact statement that is needed to address those aspects of 
environmental and health impacts of reactor licensing and re-licensing. 

3. Releases of volatile radionuclides from spent fuel 

Volatile radionuclides are mainly released to the atmosphere from spent fuel when it is 
reprocessed if not captured.86  For instance, iodine-129 would be released to the 
atmosphere in this way, if not captured.  There are also liquid effluents as a result of 
reprocessing.  

In constructing Table S-3, the NRC assumed that I-129 would be released to the 
atmosphere prior to spent fuel disposal in a repository even though, physically this would 
not occur.  The NRC claimed that this was a “conservative” assumption: 

For spent fuel disposal the staff made the conservative assumption that fission-
product gases in the spent fuel, including all tritium, krypton-85, carbon-14, and 
iodine-129, would be released during handling and emplacement of the waste 
prior to sealing of the repository.  This assumption reflects the possibility that the 
spent fuel storage canisters and the fuel rod cladding will be corroded by the salt 
during the period the repository is open (roughly 6 to 20 years, and volatile 
materials in the fuel will escape to the environment.  The staff assumed, however, 
that after the repository is sealed there would be no further release of radioactive 
materials to the environment.87 

                                                 
86 The release of carbon-14 as carbon-14 dioxide gas is covered separately below. 
87 NRC 1979. 

Kevin
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The NRC made this assumption in the context of disposal in a bedded salt repository, 
which, as noted, is obsolete for spent fuel.  It is also not conservative for any other 
geologic setting, since iodine-129 releases into groundwater could cause much higher 
doses either via groundwater or where the groundwater is discharged into surface water.   

For instance, the largest dose calculated by the French nuclear waste agency ANDRA, 
was due to I-129 in spent fuel.  As noted in Section A, the whole body effective dose 
equivalent from I-129 in the event of seal failure was estimated to be 1,500 millirem, 
greatly in excess of both the French and current U.S. EPA performance requirements.  
Since the main organ that is irradiated is the thyroid, the implied dose to the thyroid is 
about 30,000 millirem.88 

It is clear that under present circumstances, with present technical information, and under 
current law, Table S-3 is not conservative.  On the contrary, by assuming that I-129 is 
dispersed into the atmosphere, the doses are implicitly assumed to be quite low.  For 
instance, WASH-1248, the document underlying 10 CFR 51, estimates the thyroid dose 
due to the release of volatile radionuclides (mainly I-129) as only 6.3 millirem from one-
reactor year of operation.   

This dose appears to be well with compliance limits and hence the NRC can proceed to 
liecense reactors on this basis.  However, if it is assumed that spent fuel will be disposed 
of in a geologic repository where groundwater could become contaminated, then the 
performance measure to be used is not longer that applying to one reactor for one eyar, 
but whther the geologic repository system is suitable for disposal of all the spent fuel that 
is created in the program as a whole.  In the French case, the spent fuel disposed of is 
much less than will be required in the U.S., since the French have fewer reactors and they 
have reprocessing.  It is plausible that the U.S. impacts from iodine disposal could 
therefore be far in excess of the limits set in 40 CFR 197 for geologic disposal.89  
Therefore the cumulative impact of licensing new reactors and re-licesing existing 
reactors would be far in excess of that estimated in Table S-3, which assumes zero 
releases into the environment from disposal of solid spent fuel. 

Other parts of Table S-3 relating to volatile or gaseous radionuclides are also obsolete.  
For instance, Table S-3 assumes a release of 400,000 curies of krypton-85 into the 
atmosphere per reactor-year.  While this may be conservative, it is greatly in excess of 
the EPA’s maximum allowable release of krypton-85 from one-gigawatt-year90 of 
operation as specified in 10 CFR 190.10(b): 

                                                 
88 Calculated using thyroid and committed dose equivalent dose conversion factors for ingestion of iodine-
129 in EPA 1999 and 2002 suppl.  The weighting factor used for the thyroid is 0.03, according to 40 CFR 
191. 
89 The DOE’s license application for Yucca Mountain estimates low doses only because it assumes near-
total container integrity for very long periods of time and treats deliquescence-induced corrosion as 
insignificant. 
90 This is equal to one 1,000 megawatt reactor operating for one year at 100 percent capacity factor.  Table 
S-3 assumes a “Reference Reactor Year” which is the same reactor operating at 80 percent capacity factor, 
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(b) The total quantity of radioactive materials entering the general environment 
from the entire uranium fuel cycle, per gigawatt-year of electrical energy 
produced by the fuel cycle, contains less than 50,000 curies of krypton-85, 5 
millicuries of iodine-129, and 0.5 millicuries combined of plutonium-239 and 
other alpha-emitting transuranic radionuclides with half-lives greater than one 
year.91 

Hence, the assumed release of Kr-85 in Table S-3 is far in excess of that allowed under 
current EPA rules, demonstrating yet another aspect of the obsolescence of Table S-3.  
We understand that these releases would occur mainly in the case of the reprocessing 
option being chosen and that reprocessing is not the current law for spent fuel 
management and disposal.  But Table S-3 is designed to cover both the reprocessing and 
non-reprocessing cases. The releases it estimates, as an upper bound, are not in 
compliance with current regulations.  

Table S-3’s estimate of 1,300 millicuries (1.3 curies) of iodine -129, and 203 millicuries 
(0.203 curies) of fission products and transuranic radionuclides not otherwise specified 
are also not aligned with 40 CFR 190.10(b). 

It is clear that some of the NRC assesses releases from reactor operations to be 
insignificant that are far in excess of those allowed by the EPA.  The fact that these 
releases would be primarily from reprocessing operations and that reprocessing is no 
longer envisaged as the basis for disposal only highlights the obsolescence of Table S-3.   

Further, it is possible that reprocessing may become the basis for spent fuel management 
for some or all of spent fuel.  While we have concluded that such a course would create 
far more serious problems than it solves, it is nonetheless within the realm of possibility.  
For instance, it is part of a set of options being considered under the Global Nuclear 
Energy Partnership.92   

As of April 2008, U.S. nuclear power plants had created 56,000 metric tons of spent fuel. 
The DOE anticipates that 119,000 metric tons of spent fuel will be created by existing 
reactors by 2035.  There is some uncertainty about waste generation per reactor for new 
reactors, since it will depend on enrichment, burn-up etc.  But 30 new reactors would 
likely generate in excess of 600 metric tons per year of spent fuel, or 24,000 metric tons 
over 40 years. 

In sum, just considering spent fuel alone, there are a many ways in which Table S-3 is 
obsolete and/or incorrect.  Hence revision of operational norms and release estimates in 
both the reprocessing and non-reprocessing cases is essential as is a reevaluation of the 
impacts and costs in a new generic EIS. 

                                                                                                                                                 
see NUREG-0116, Table 3.2, p. 3-14.  When translated into the same basis as the EPA regulation, the 
krypton-85 emissions would be 500,000 curies per gigawatt-year. 
91 40 CFR 190.10(b) 2008  
92 GNEP PEIS draft 2008, see Section S.2.4 for a summary of options the DOE is considering.  A Final EIS 
has not yet been prepared. 
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4. Greater than Class C (GTCC) waste and low-level waste 

Table S-3 is severely outdated with respect to GTCC waste.  It is also outdated with 
respect to Class A, B, and C low-level waste.   
 
a. GTCC waste 
 
There was no GTCC waste category when the 10 CFR § 51.51 and Table S-3 was revised 
in the late 1970’s.93  NRC regulations regarding GTCC waste were part of low-level 
waste regulations, which were not issued until 1982 and revised periodically after that.94  
The Part 61 low-level waste regulations generally require disposal of GTCC in a deep 
geologic repository and prohibit shallow land burial unless a specific exemption is 
obtained.95  At present Table S-3 assumes all solid radioactive waste, except high-level 
waste, including what is now called GTCC waste, will be buried in a shallow land burial 
facility.96  This is clearly incorrect.  GTCC waste cannot be disposed of in shallow low-
level waste facilities unless a specific exemption to do so is provided by the NRC.  None 
has been provided; nor is there any application for such an exemption.  
 
GTCC waste has a relatively high radioactivity per unit volume and many components of 
GTCC waste have long half-lives.  The impacts in the absence of repository disposal 
could therefore be considerable – though the amounts would be site specific.  Therefore, 
Table S-3, which was prepared prior to the understanding that led to the creation of a 
GTCC category, cannot be relied upon for estimating the environmental impact of GTCC 
disposal.  We note here that Table S-3 has been republished in the same way since the 
late 1970s without change, including after the low-level waste regulations requiring deep 
geologic disposal of GTCC waste (unless specifically exempted).  The current version of 
10 CFR 51 also contains this same provision for disposal “on site.”97  The following is 
copied from the present Table S-3 at 10 CFR 51.5198: 
 

Solids (buried on site): 

Other 
than high 
level 
(shallow) 

11,300 9,100 Ci comes from low level reactor wastes and 1,500 Ci ] comes 
from reactor decontamination and decommissioning--buried at land 
burial facilities. 600 Ci comes from mills--included in tailing returned 
to ground. Approximately 60 Ci comes from conversion and spent fuel 
storage. No significant effluent to the environment.  

 
Table S-3 is therefore legally wrong in its a priori assumption of shallow land burial (on 
site or at any site) of GTCC waste. 

                                                 
93 NRC 1979.  Table S-3 was first published in WASH-1248 and revised in the late 1970s, in which form it 
has been republished since that time.  
94 10 CFR Part 61 2008 
95 See 10CFR 61.55(a)(2)(iv) 2008 and 10 CFR 61.55(a)(4)(iv) 2008. 
96 10 CFR 51.51 2008. Table S-3 mentions onsite burial (i.e., “buried on site”).  This would clearly not be 
allowed for any of the wastes discussed here.   
97 Disposal on site at reactors would not be permitted since none have a license do to so and no applications 
have been made.  There are other issues as well in relation to low-level waste compacts see below.  
98 10 CFR 51.51 2008. 
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The Department of Energy (DOE) is preparing an Environmental Impact Statement (EIS) 
regarding GTCC disposal.99    This EIS is being prepared because the DOE considers the 
development of capability to dispose of GTCC waste as a “major Federal action.”100  A 
full evaluation of the impacts of options of GTCC disposal has never been done.  The 
impacts of GTCC disposal as evaluated in this EIS need to be incorporated into a revised 
Table S-3.  .   
 
Table S-3 is also incorrect in another respect.  As can be seen, above, it assumes that 
there will be “[n]o significant effluent to the environment” and no health impact is 
estimated.  In other words, the assumption here is the same as that for high-level waste 
and spent fuel disposal – zero environmental impact.   
 
The more stringent requirement for GTCC waste disposal is because the specific activity 
of the waste is higher than for the Class A, B, and C low-level waste categories as 
defined in  10 CFR 61.55.  No difference in the types of radionuclides or their chemical 
composition is assumed to exist.  The technical inference clearly is that shallow land 
burial would produce greater impacts than Class A, B, and C waste disposal.  The 
radiation doses estimated by the NRC for these latter waste categories in its low-level 
waste EIS are greater than zero for all disposal cases, even those in conformity with the 
10 CFR 61 regulations, over a period of 500 years.101  A forteriori, the impacts associated 
with GTCC disposal in shallow land burial at the same reactor site or at some other site 
would likely be greater.  
 
While the impacts of Disposal of GTCC waste disposal have not been evaluated in the 
United States, they are required to be disposed of in a deep repository in France.  The 
French evaluation of Class B waste (corresponding approximately to GTCC waste) 
provides some interesting evidence.  According to ANDRA’s assessment, the dose from 
Class B waste disposal at the French Bure site could exceed allowable limits due to 
exposure to chlorine-36 in the scenario that assumes a failure of the repository seals.102 
 
There is no explicit discussion of transuranic waste in Table S-3.  Yet NUREG-0116, 
which supplements WASH-1248, and which is referred to in the notes to Table S-3 
explicitly mentions that transuranic waste, mainly generated during reprocessing, should 
be disposed of in a deep geologic repository.  Table S-3 does not even consider chlorine 
36. 
 
There will be a considerable amount of GTCC waste even if there is no reprocessing.  
The DOE estimated that a Boiling Water Reactor would generate 47 cubic meters and a 
                                                 
99 See DOE 2007 and DOE 2007b. 
100 According to the GTCC EIS website set up by Argonne National Laboratory for the GTCC EIS process, 
“The Secretary of Energy has determined that development of disposal capability for GTCC LLW is a 
major Federal action that may have a significant impact upon the environment within the meaning of the 
National Environmental Policy Act of 1969 (NEPA).” On the Web at 
http://www.gtcceis.anl.gov/eis/why/index.cfm.  
101 NRC 1982, v. 1, Table 4.6 (pp. 4-30 to 4-32). 
102 ANDRA 2001, p. 139. 
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Pressurized Water Reactor would generate 133 cubic meters upon decommissioning.103  
On this basis the existing reactor fleet would generate in excess of 10,000 cubic meters of 
GTCC waste upon decommissioning. 
 
Again, it clear that Table S-3 is obsolete or incorrect in a number of respects in regard to 
GTCC waste.  The impact of this needs to be assessed either by the NRC as part of the 
impacts associated with nuclear energy production. 
 
 
b. Class A, B, and C low-level waste 
 
10 CFR 61 allows disposal of Class A, B, and C low-level waste in shallow land disposal 
facilities.  However, such facilities must be licensed and must meet the dose limits 
specified at 10 CFR 61 Subpart C.  Table S-3 mentions “on site” disposal.  WASH-1248, 
the underlying document supporting Table S-3 also mentions on site diposal.  No current 
reactor sites have such licenses.  No application for a new reactor contains provision for 
obtaining a license for on-site disposal of low-level waste.  The table needs to revised and 
clarified in this regard.  
 
Table S-3 also assumes that shallow land disposal of waste will have not environmental 
and health impact.  This is incorrect.  The low-level waste EIS recognizes that some 
impacts may occur.  The standard computational model used for assessing the radiation 
dose impact of land contamination (and disposal of radioactive waste in shallow land 
burial facilities is a form of land contamination) generally produces non-zero radiation 
doses under any reasonable assumption of technical site parameters.  This is especially so 
as 10 CFR 61 Subpart C contains no time limit for performance.  That is, the dose limits 
specified there must be met for the durations that are multiples of the longest lived 
radionuclides disposed of at the facility.  Hence Table S-3 is obsolete and wrong in its 
assumption of essentially zero release from shallow land burial of low-level waste as 
well.  . 
 
 
5. Depleted Uranium 
 
Table S-3 makes no mention of the large amounts of depleted uranium that will be 
generated in the course of enrichment of uranium to produce fuel for the proposed 
nuclear reactors.  Large amounts of DU from uranium enrichment plants were not 
regarded as a waste when Table S-3 was created.  But the Nuclear Regulatory 
Commission has declared depleted uranium as a low-level waste.  However, the 
classification of large amounts of DU from enrichment plants within the low-level waste 
scheme (Class A, B, C or GTCC) has yet to be decided.  The NRC as asked its staff to 
conduct a generic proceeding to determine such a classification.104   

                                                 
103 DOE data as cited in Makhijani and Saleska 1992, Table 6. 
104 “…the Commission directs the NRC staff, outside of this adjudication, to consider whether the 
quantities of depleted uranium at issue in the waste stream from uranium enrichment facilities warrant 
amending section 61.55(a)(6) or the section 61.55(a) waste classification tables.”  (NRC 2005). 
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The NRC staff has recently begun that assessment.  It has determined that 10 CFR 61 
does not automatically apply to DU in large amounts such as those created by enrichment 
plants.  In fact, it has decided that DU from enrichment plants differs essentially from 
other low-level wastes in some respects in that it has a much higher level of specific 
activity, the radionuclides are exceptionally long-lived, and there is in-growth of thorium-
230 and radium-226 (which emits radon-222) over hundreds of thousands of years.105 
 
DU has radiological characteristics similar to Greater than Class C low-level waste, 
containing long-lived, alpha-emitting transuranic radionuclides at concentrations greater 
than 100 nanocuries per gram.  Shallow land disposal of over 10,000 metric tons of DU 
would cause substantial health and environmental impacts in the long run.  An 
assessment done by the Institute for Energy and Environmental Research in the context 
of evaluating the disposal of 133,000 metric tons of DU from an enrichment plant 
proposed for New Mexico, concluded that peak doses from the disposal would be in the 
hundreds of rem per year to the maximally exposed individual under a variety of shallow 
land disposal conditions, including disposal in dry or wet areas.106  In contrast, the 
maximum allowable dose from low-level radioactive waste disposal is only 0.025 rem 
per year.107  This means that DU from enrichment plants, over the life of the plant, if 
disposed of in shallow land burial, would produce doses thousands of times greater than 
the allowable limit at the time of peak dose.  
 
The NRC staff paper has itself estimated that the disposal of DU in shallow land burial 
will cause non-zero radiation doses.108   
 
Table S-3 does not take any of these realities into account.  Indeed, at the time it was 
published in its present form, in the late 1970s, DU was not even considered a waste.  
However, the NRC now requires it to be considered as waste in the context of the 
licensing of uranium enrichment plants.109  Hence Table S-3 is obsolete in not explicitly 
considering the impacts of DU.  
 

                                                 
105 Borchardt 2008  Enclosure 1. 
106 Makhijani and Smith 2004, Table 5 (p. 24). “Version for Public Release Redacted March 20, 2007.” 
107 10 CFR 61.41 2008  
108 Borchardt 2008,  See Enclosure 1.   Note that we do not agree with the results of the NRC staff’s 
calculations.  For instance, the NRC staff has assumed that “there will not be significant releases of waste 
to the environment from fluvial or aeolian erosion.”  This is completely unrealistic and in general 
scientifically incorrect for the time periods evaluated – well over 1,000 years and up to one million years.  
As a result, the quantitative impacts assessed by the NRC for arid sites are serious underestimates (since 
erosion is the main pathway for long-term dose, which is external dose, in arid areas).  See Makhijani and 
Smith 2004. The NRC’s conclusion that that some shallow land burial sites may be suitable for DU 
disposal is based on the incorrect assumption of zero erosion rates, is therefore also incorrect.  There has 
been no scientifically credible demonstration that there would be essentially zero impact from erosion at 
shallow burial sites, even if these are more than three meters deep, given the time scales involved. 
109 NRC 2005 
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The 56,000 metric tons of spent fuel that have been created so far correspond to more 
than 300,000 metric tons of DU.110  There will be hundreds of thousands of metric tons of 
additional DU due to future fuel production for the existing reactor fleet.  Relicensing the 
rest of existing reactors and licensing new reactors will commit to production of further 
large amounts.111 
 
DU cannot be buried at the reactor site or the enrichment plant site without an appropriate 
license.  Under the current path, DU from an enrichment plant or even more than one 
enrichment plant may be disposed of at a single facility.  
 
The impacts of DU management and disposal and whether such safe disposal of DU – 
that is disposal of DU in conformity with low-level waste disposal standards at 10 CFR 
61 Subpart C – is possible needs evaluated in the generic EIS on waste that would include 
a revision of Table S-3.  The costs of disposal that would conform to 10 CRF 61 Subpart 
C also need to be estimated.112 
 
 
6. Radon 

The matter of doses from radon-222 due to emissions from mill tailings had not been 
included in Table S-3.  On March 20, 2008, the NRC denied a petition by the New 
England Coalition on Nuclear Pollution, which had requested that a value for the impact 
of radon-222 be included in Table S-3.  In denying the petition, the NRC concluded that 
“the radiological impacts of the uranium fuel cycle, including those from radon-222 
emissions, on individuals off-site will remain at or below the Commission’s regulatory 
limits, and as such, are of small significance.”113  The NRC referred to Chapter 6 of 
NUREG-1437 for technical details about the denial. 

Limiting radon-222 emissions from uranium mill sites requires the maintenance of the 
mill tailings site.  This includes maintenance of a cover to prevent radon emissions: 

The design and implementation of the radon cover and erosion protection 
features are the primary reliance for maintaining radon emissions within 
the [10 CFR] Part 40 limits; significant failure of the covers is considered 
highly unlikely.  However, the indefinite licensed long-term custody and 
care provide additional assurances.114 

                                                 
110 This is an approximate figure.  It is much greater than the amount used in the illustrative calculation in 
the paragraph before.  The exact figure attributable to commercial nuclear power plants is difficult to 
estimate, since the U.S. has had dual use enrichment plants for its civilian and military enrichment 
requirements and because in recent years the U.S. has also imported enrichment services from Russia in the 
form of Russian highly enriched uranium that was downblended into low enriched reactor fuel. 
111 The exact amounts are difficult to estimate since some depleted uranium tails may be used as 
enrichment feedstocks and the assay of U-235 in the tails may vary as uranium prices change. 
112 See for instance Makhijani and Smith 2004. 
113 NRC 2008c.  The quote is on p. 14947  
114 NRC 1996, Vol. 1, pp. 6-9 and 6-10. 
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This assumption that there will be custody and maintenance for the indefinite future in 
NUREG-1437 is patently absurd.  While the decay of radium-226, which has a half-life 
of 1,600 years, is the proximate source of radon-222 emissions from mill tailings, 
radium-226 itself is the decay product of thorium-230. 

So long as there is thorium-230 in the tailings, the amount of radium-226 will be about 
the same (excepting that part accounted for by differential environmental mobilization).  
Thorium-230 has a half-life of over 75,000 years.  Hence, there will be significant 
amounts of radium-226 in the tailings ponds for about ten half-lives or about three quarter 
of a million years.  No human institution has lasted even one percent of this time.  The 
United States, which has had a long political continuity, is not even 300 years old, and it 
has had a Civil War less than a hundred years after its creation.  While the Atomic 
Energy Act may require institutional control and maintenance of mill tailings, an 
environmental impact assessment is a technical matter.  That assessment cannot rely on a 
legal requirement that is patently out of touch with any reasonable expectation or 
technical judgment.  For instance, the National Research Council has advised that long-
term institutional control should not be assumed in waste disposal or matters relating to 
the use of contaminated sites: 

The committee believes that the working assumption of DOE 
planners must be that many contamination isolation barriers and 
stewardship measures at sites where wastes are left in place will 
eventually fail, and that much of our current knowledge of the 
long-term behavior of wastes in environmental media may 
eventually be proven wrong.  Planning and implementation at 
these sites must proceed in ways that are cognizant of this 
potential fallibility and uncertainty.115 

The NRC has done exactly the opposite of the recommendation of the National Research 
Council.  Instead of being “cognizant of this potential fallibility and uncertainty” arising 
from the failure of stewardship and the possibility of incorrect assumptions, it has simply 
reckoned that all of its essential assumptions and all the necessary institutions and 
finances will be in place for three quarters of a million years.  While this time frame is 
not specified in NUREG-1437, it is implicit in it because radon-222 emissions ultimately 
originate in the thorium-230 present in the mill tailings.  Indeed, over the long periods 
considered, the potential for high population doses due to erosion and airborne 
radioactive particles from the mill tailings should be explicitly considered. 

Further, radon releases will also occur from DU disposal, which was not considered in 
Table S-3.  DU disposal is now acknowledged by the NRC to create risks for a million 
years or more.116  Since U-238 decay will create radium-226 buildup over time, radon-
222 risks from DU disposal will persist for the indefinite future. 

                                                 
115 NAS-NRC 2000, p. 5.  Italics in the original. 
116 Borchardt 2008.  See for instance Figure 7.  While this Figure stops at one million years, it is evident 
from the charts that non-zero doses continue after that time. 
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Finally, it should also be noted that EPA’s Federal Guidance Report 13, which provides 
dose conversion and risk factors for persons by age does not provide any data for radon-
222.  In updating Table S-3 the NRC will need to consider whether children or women 
get a higher dose than men under specified environmental conditions. 

7. Carbon-14 

While Table S-3 makes an estimate of 24 curies of carbon-14 releases as gaseous 
effluents from one reactor year of operation, WASH-1248 does not provide an analysis of 
the dosimetric consequences.  Carbon-14 is oxidized either during reprocessing or in an 
unsaturated oxidizing environment like Yucca Mountain.  While the individual doses 
from C-14 releases can be expected to be very small, the population doses integrated over 
time would be very large.  This is because carbon-14 has a very long half-life (5,730 
years); it will continually be recycled through the biosphere along with non-radioactive 
carbon.  Over ten thousand years, the population doses could be very high in an oxidizing 
environment.  The SAB report cites a population dose of 14 million person rem over 
10,000 years assuming that half the carbon-14 is released.  This corresponds to 4,000 
cancer fatalities over 10,000 years.117  The total amount of spent fuel considered in this 
calculation was 70,000 metric tons of heavy metal, the present legal limit for repository 
disposal.  The corresponding estimate per reactor-year, assuming 20 metric tons per 
reactor-year, would be 1.14 cancer fatalities over 10,000 years.  This amounts to 45 fatal 
cancers due to carbon-14 releases from spent fuel generated over a 40-year operating life 
and twice that if the license is extended by another 40 years. 

Such consequences would be estimated only for unsaturated oxidizing repositories, which 
is the description that fits the Yucca Mountain site as presently designed and 
characterized.  They would also be estimated in reprocessing scenarios.  Hence, the 
estimates of C-14 fatalities and corresponding estimates of cancer incidence need to be 
included in a revised Table S-3.  We note here that the dose conversion factors have been 
updated since the EPA carbon-14 report, cited above, was published.  Doses and cancer 
risks need to be calculated on an age-specific, gender-specific basis in the generic waste 
EIS. 

 

8. Conclusions regarding aspects of Table S-3 other than Spent Fuel and High-Level 
Waste 

Table S-3 is obsolete and/or wrong in its legal, technical, environmental and health 
assumptions and estimates in regard to spent fuel, gaseous releases from spent fuel, 
GTCC waste, Class A, B, and C low-level waste, DU, radon-222, and carbon-14.  In light 
or more rigorous requirements for waste management and the fact that repository costs 
have escalated without a repository having been commissioned as previously envisaged, a 
thorough revision of the cost basis of nuclear power in regard to its waste aspects is also 

                                                 
117 Loehr, Nygaard, and Watson 1993, p.  21  

Kevin
Sticky Note
there error of jaczko's disregard for population doses -- especially ironic given C-14's importance at Yucca!
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needed.  This is essential because without such estimates, the costs of nuclear energy with 
alternative options cannot be fairly made. 
 
A generic environmental impact statement must compare the environmental impacts and 
costs of the present course with the following alternatives in regard to spent fuel: 
 

1. At reactor storage for the indefinite future, including periodic replacement of 
storage containers and inter-container transfer. 

2. Consolidated monitored storage in one or more locations for the indefinite future, 
including replacement and transfer as in Item 1 above. 

3. Yucca Mountain at 70,000 metric tons with no second repository. 
4. Yucca Mountain at a higher capacity than 70,000 metric tons. 
5. Yucca Mountain with a second repository. 
6. Yucca Mountain fails as a program and one or more other sites in a new program 

to accommodate all spent fuel. 
7. Reprocessing of spent fuel with fast reactor reuse of plutonium and uranium, plus 

a waste repository for high-level waste and Greater Than Class C waste. 
8. Reprocessing with light water reactor re-use of plutonium (including costs of 

reactor modification), with a repository as in Item 7 above. 
9. Reprocessing of spent fuel without fast reactor reuse of plutonium and uranium, 

with a repository as in Item 7 above. 
10. Uranium only fuel recycle, with a repository as in Item 7 above. 
11. Partial reprocessing, with repository disposal of uranium and mixed uranium-

plutonium oxide spent fuel, uranium spent fuel, high-level waste and Greater 
Than Class C waste. 

 
The risk of terrorist attacks and proliferation risks must be included in the generic EIS. 
These risks are different for the various options and those differentials need to be factored 
into the process of choosing a preferred alternative in the EIS process. 
 
It must also consider the various options for GTCC disposal and DU disposal that would 
conform with existing low level waste dose limits specified at 10 CFR 61 Subpart C.   
 
A waste confidence rule as well as a generic EIS on spent fuel must consider the above 
alternatives and provide cost estimates for them.  These costs must be added to reactor 
costs for new reactors in the licensing process and in the re-licensing process of existing 
reactors.  The costs must be added to nuclear power costs when evaluating alternatives 
when preparing environmental impact statements for new reactors.  Without a realistic 
estimate of costs and a generic waste confidence EIS, the EIS process for new reactor 
licenses and the adjudicatory process for re-licensing reactors will remain fundamentally 
deficient.  If the costs of repository alternatives cannot be realistically estimated based on 
present U.S. data and history (including technical, legal, regulatory, political, social, and 
fiscal aspects), then the waste confidence finding must be that there is no reasonable 
assurance that a repository for spent fuel can be opened in the United States at any time 
in the foreseeable future.  Specifically, if a well-founded upper bound cannot be 
attributed to waste management and disposal costs, then there is no basis on which to 
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compare the total costs of nuclear with various combinations of renewable energy, 
storage, combined heat and power, and efficiency alternatives as a part of the EIS process 
of licensing new reactors. 
 
D. Conclusions 

The NRC has not provided a sound scientific, technical, legal, political, social financial, 
or fiscal basis for its conclusions that (i) a geologic repository for disposal of spent fuel is 
technically feasible, (ii) it can state with reasonable assurance that a geologic repository 
to accommodate the required waste volumes can be opened within 50 to 60 years after 
the license expiry of any U.S. nuclear power plant, including new plants. 

Further, Tables S-3 is either obsolete or wrong needs to be fundamentally revised to take 
into account new scientific and legal realities.  We have concluded that at present there is 
no reasonable assurance that a repository in the United States can be opened within the 
time frame specified in the revised Finding 2 or indeed at any time.  A generic EIS on 
nuclear spent fuel management, including a revision of Tables S-3, is required before 
new reactors can be licensed or existing reactors can be relicensed. 

This generic EIS should include consideration of the impacts of the various options 
described above.  It should include consideration of costs of the various options.  
Compliance with regulations limiting public exposure should be the fundamental basis 
for assessing whether the impact is small or not.  Note that compliance with annual dose 
limits needs to be estimated for the most exposed individual, who may be a male or 
female, infant, or a male or female of any other age, using dose conversion factors that 
are specific to that age and gender.  Population doses should also be estimated as this is 
important for understanding the full extent of the health risks over time.  Other aspects of 
waste management and disposal to be considered as part of the process of licensing new 
reactors or relicensing existing reactors are discussed below. 
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Attachment A118 

Graph A: Neutralize Waste Package 

 

                                                 
118 Source for all graphs: DOE OCRWM 1999. 
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Graph B: Neutralize Spent Fuel Cladding 
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Graph C: Neutralize Overlying Flow Barriers 
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Graph D: Neutralize Unsaturated Zone Transport Barrier 
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Graph E: Neutralize Saturated Zone Transport Barrier 

 

 
Source for all graphs: U.S. DOE Office of Civilian Radioactive Waste Management, “NWTRB 
Repository Panel meeting: Postclosure Defense in Depth in the Design Selection Process,” presentation for 
the Nuclear Waste Technical Review Board Panel for the Repository, January 25, 1999.  Presented by 
Dennis C. Richardson.  Online at http://www.nwtrb.gov/meetings/1999/jan/richardson.pdf. 
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Examen critique du programme de recherche de l'ANDRA 
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Arjun Makhijani, Ph.D. 

Annie Makhijani 
Prof. Jaak Daemen, Ph.D. 
Prof. George Danko, Ph.D. 

Prof. Rod Ewing, Ph.D. 
Detlef Appel, Ph.D. 

Yuri Dublyansky, Ph.D. 
Prof. Gerhard Jentzch, Ph.D. 
Mike Thorne, Ph.D., relecteur 

 
 

 
 
 
Les différents membres de l’équipe ont eu la responsabilité des disciplines scientifiques 
suivantes et ont rédigé les chapitres correspondants : 
 
Chapitre 1: Principes de confinement géologique - Arjun Makhijani. Yuri Dublyansky a 

contribué à la section sur la paléoclimatologie  
Chapitre 2: Mécanique des roches - Jaak Daemen  
Chapitre 3: Aspects thermiques de la conception et de la construction du site de 

stockage - George Danko  
Chapitre 4: Programme de recherches sur le terme source et le champ proche - Rod 
Ewing  
Chapitre 5: Hydrogéologie - Detlef Appel  
Chapitre 6:Aspect minéralogiques et géochimiques dans la formation hôte - Yuri 

Dublyansky  
Chapitre 7: Sismologie et déformation - Gerhard Jentzsch et Horst Letz  
 
Traduction: Annie Makhijani  
Relecture de traduction: Annike et Jean-Luc Thierry  
Appui scientifique: Annie Makhijani  
Documentaliste: Lois Chalmers 
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Curriculum Vita of  
Arjun Makhijani 

 
Education: 

Ph.D. University of California, Berkeley, 1972, from the Department of Electrical 
Engineering.  Area of specialization: plasma physics as applied to controlled 
nuclear fusion.  Dissertation topic: multiple mirror confinement of plasmas. 

M.S. (Electrical Engineering) Washington State University, Pullman, Washington, 
1967.  Thesis topic: electromagnetic wave propagation in the ionosphere. 

Bachelor of Engineering (Electrical), University of Bombay, Bombay, India, 1965. 
 

Current Employment: 
1987-present: President and Senior Engineer, Institute for Energy and 

Environmental Research, Takoma Park, Maryland. (part-time in 1987). 
February 3, 2004-present, Associate, SC&A, Inc., one of the principal investigators 

in the audit of the reconstruction of worker radiation doses under the Energy 
Employees Occupational Illness Compensation Program Act under contract 
to the Centers for Disease Control and Prevention, U.S. Department of Health 
and Human Services. 

 
Professional Societies: 

Institute of Electrical and Electronics Engineers and its Power Engineering Society 
American Physical Society 
Health Physics Society 
American Association for the Advancement of Science 
 

Official positions 
 
Subcommittee on carbon-14 emissions from Yucca Mountain of the Radiation 

Advisory Committee, U.S. Environmental Protection Agency, 1992-1993 
Radiation Advisory Committee, U.S. Environmental Protection Agency, 1992-1994 
Technical Advisory Panel, Hanford high level waste tanks, early 1990s (ex-officio) 
Consultant to the Office of Technology Assessment of the U.S. Congress 
 

Consulting Experience, 1975-1987 
Consultant on a wide variety of issues to various organizations including: 

Tennessee Valley Authority 
Lower Colorado River Authority 
Federation of Rocky Mountain States 
Environmental Policy Institute 
Lawrence Berkeley Laboratory 
Food and Agriculture Organization of the United Nations 
International Labour Office of the United Nations 
United Nations Environment Programme 
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United Nations Center on Transnational Corporations 
The Ford Foundation 
Economic and Social Commission for Asia and the Pacific 
United Nations Development Programme 
 

Some publications relevant to nuclear waste and radioprotection 
Makhijani, A., K.M. Tucker, with Appendix by D. White, Heat, High Water, and Rock 
Instability at Hanford, Health and Energy Institute, Washington, D.C., 1985. 

Makhijani, A., R. Alvarez, and B. Blackwelder, Deadly Crop in the Tank Farm: An 
Assessment of Management of High-Level Radioactive Wastes in the Savannah River 
Plant Tank Farm, Environmental Policy Institute, Washington, D.C., 1986. 

Makhijani, A., Release Estimates of Radioactive and Non-Radioactive Materials to the 
Environment by the Feed Materials Production Center, 1951-85, Institute for Energy and 
Environmental Research, Takoma Park, 1988. 

Makhijani, A., and B. Franke, Addendum to Release Estimates of Radioactive and Non-
Radioactive Materials to the Environment by the Feed Materials Production Center, 
1951-85, Institute for Energy and Environmental Research, Takoma Park, 1989. 

Makhijani, A. and S. Saleska, High Level Dollars Low-Level Sense: A Critique of Present 
Policy for the Management of Long-Lived Radioactive Waste and Discussion of an 
Alternative Approach, Apex Press, New York, 1992. 

Makhijani, A. and Annie Makhijani, Fissile Materials in a Glass, Darkly: Technical and 
Policy Aspects of the Disposition of Plutonium and Highly Enriched Uranium, IEER 
Press, Takoma Park, 1995. 

Makhijani, A., H. Hu, K. Yih, eds., Nuclear Wastelands: A Global Guide to Nuclear 
Weapons Production and the Health and Environmental Effects, MIT Press, Cambridge, 
MA, 1995. 

Fioravanti, M. and A. Makhijani, Containing the Cold War Mess: Restructuring the 
Environmental Management of the U.S. Nuclear Weapons Complex, Institute for Energy 
and Environmental Research, Takoma Park, October 1997. 

Makhijani, A., Bernd Franke, and Hisham Zerriffi, Preliminary Partial Dose Estimates 
from the Processing of Nuclear Materials at Three Plants during the 1940s and 1950s, 
Institute for Energy and Environmental Research, Takoma Park, September 2000.  
(Prepared under contract to the newspaper USA Today.) 

Makhijani, A. and Bernd Franke, Final Report of the Institute for Energy and 
Environmental Research on the Second Clean Air Act Audit of Los Alamos National 
Laboratory by the Independent Technical Audit Team, Institute for Energy and 
Environmental Research, Takoma Park, December 13, 2000. 

Makhijani, Arjun, Hisham Zerriffi, and Annie Makhijani, “Magical Thinking: Another 
Go at Transmutation,” Bulletin of the Atomic Scientists, March/April 2001. 

Makhijani, A. and Michele Boyd, Poison in the Vadose Zone: An examination of the 
threats to the Snake River Plain aquifer from the Idaho  National Engineering and 
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Environmental Laboratory  Institute for Energy and Environmental Research, Takoma 
Park, October 2001. 

Makhijani, A. and Sriram Gopal, Setting Cleanup Standards to Protect Future 
Generations: The Scientific Basis of Subsistence Farmer Scenario and Its Application to 
the Estimation of Radionuclide Soil Action Levels (RSALs) for Rocky Flats, Institute for 
Energy and Environmental Research, Takoma Park, December 2001. 

Makhijani, A. and Michele Boyd, Nuclear Dumps by the Riverside: Threats to the 
Savannah River from Radioactive Contamination at the Savannah River Site, Institute for 
Energy and Environmental Research, Takoma Park, Maryland, forthcoming, March 2004. 
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Annie Makhijani 
 
Education: 
M.S. (Chemistry, with emphasis on Physical Chemistry) University of Maryland, College 
Park, Maryland, 1994.  Research topic: the physical properties of nanostructures. 
Bachelor of Science (Chemistry) University of Maryland, College Park, 1985. 
Studied Hindi at the Institut des Langues Orientales in Paris (1980). 
Bachelor of Arts (Psychology) Université de Tours, France (1972) 
 
Employment: 
• 1994-present:  Project Scientist, Institute for Energy and Environmental Research, 

Takoma Park, Maryland.  
• Staff Scientist, Institute for Energy and Environmental Research, Takoma Park, 

Maryland. 
• Consultant for the White House Council on Environmental Quality (1979). 
• French teacher, Alliance Française, Bombay, India (1977-1979) 
 
Publications: 
• Makhijani, Arjun and Annie Makhijani, Fissile Materials in a Glass Darkly: 

Technical and Policy Aspects of the Disposition of Plutonium and Highly Enriched 
Uranium, IEER Press, Takoma Park, 1995. 

• Hisham Zerriffi and Annie Makhijani, An Assessment of Transmutation as a Nuclear 
Waste Management Strategy, Institute for Energy and Environmental Research, 
Takoma Park, 2000.  

 
Some accomplishments 
• Did research on the management of depleted uranium for the proposed Claiborne 

uranium enrichment plant in Louisiana (1996). 
• Did research on the decommissioning or the Sequoyah uranium conversion plant in 

Oklahoma. 
• Was responsible for some of the background research for the Institute for Energy and 

Environmental Research technical report: Radiation Exposures in the Vicinity of the 
Uranium Facility in Apollo, Pennsylvania (1998). 
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RESUME 
JAAK J.K. DAEMEN 
 
Education: Ph.D. Geo_Engineering, University of Minnesota, June 1975 
             Mining Engineer (Honors), University of Leuven, Belgium, July 1967 
 
Registration: State of Arizona:  Registered P.E. Civil Engineering (AZ 12158) and 

Mining Engineering (AZ 12980) 
 
Professional: 
American Institute of Mining Engineers, American Society of Civil Engineers, 
International Society for Soil Mechanics and Foundation Engineering, American Society 
for Engineering Education, International Society for Rock Mechanics, Royal Flemish 
Engineering Association, Royal Belgian Society of Engineers and Industrialists, 
American Geophysical Union, American Rock Mechanics Association.   
 
Past Member, National Tunneling Committee, U.S. National Rock Mechanics Committee 
and Committee on Geological and Geotechnical Engineering of the National Research 
Council of the National Academy of Sciences; Reviewer for National Science 
Foundation, Geotechnical Engineering Program; U.S. Geological Survey; Mining 
Engineering, Society of Mining Engineers of AIME; International Journal of Rock 
Mechanics and Mining Sciences; Water Resources Research; Canadian Geotechnical 
Journal 
 
Employment Record: 

October 2001 - Present   Professor, Mining Engineering, Mackay School of Mines, 
University of Nevada, Reno. 

July 1990 - Sept.2001  Professor and Chair, Mining Engineering, Mackay School of 
Mines, University of Nevada, Reno. 

September 1976 _ June 1990  Assistant and Associate Professor, University of Arizona, 
Department of Mining and Geological Engineering. 

Summer 1980, 1981  Visiting Associate Research Engineer, Research Associate, 
University of California,  Berkeley.   

Summer 1977  Occidental Research Corporation.  Investigations of roof control 
problems, Island Creek Coal Company. 

April 1975 - September 1976  Research Engineer, E. I du Pont de Nemours & Co., 
Potomac 

River Development Laboratory, Martinsburg, West Virginia 2504.   

Sept. 1967 - March 1975  Research Assistant, Teaching Assistant, Teaching Associate, 
Research Fellow and Post_Doctoral Research Associate, Univ. of Minn, Minneapolis, 
Department of Civil & Mineral Engineering. 
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Sponsored Research: 
Mechanics of Fully Grouted Bolts in Bedded Mine Rook (United Engineering 
Foundation); Rock Mass Sealing (U.S. Nuclear Regulatory Commission); Numerical 
Analysis of the influence of Bench Stiffness on Rock Fragmentation in Surface Blasting 
(AZ MMRRI); Ground and Air Vibrations Induced by Large Surface Blasts (Office of 
Surface Mining; U.S. Bureau of Mines); Mechanical Characterization of Welded Tuff 
(Center of Nuclear Waste Regulatory Analyses); Permeability-Strain Measurements in 
Rock Salt (Sandia National Laboratories); Sealing Studies for WIPP (SNL); Sealing 
Studies for Yucca Mountain, (SNL), Rock   
Movement Induced by Blasting (Placer Dome); Long Term Drift Sability (DOE). 
 
Courses Taught:     
University of Arizona: Rock Excavation Practice; Tunneling and Underground 
Construction; Surface Mining; Coal Mining; Geomechanics; Applied Geomechanics: 
Underground Construction; Advanced Geomechanics; Design of Underground 
Structures; Rock Fracture and Flow; Subsidence Engineering; Rock Dynamics: Drilling, 
Blasting; Key Block Theory; Boundary Element Analysis. 
University of Nevada, Reno: MINE 210 Mining Methods; MINE 301 Coal Mining; 
MINE 380 Quarry Engineering; MINE 445 Rock Excavation; MINE 448 Rock 
Mechanics; MINE 658 Rock Mechanics for Underground Mining and Construction. 
 
Consulting: Morrison_Knudsen, Inc.; Sandia National Laboratories; Anaconda 
Minerals Company; Golder Associates; E.I. du Pont de Nemours & Co.; Fluor Mining & 
Metals; Cia Minera Las Cuevas, San Luis Potosi; Engineers International, Inc.; Itasca 
Consulting Group, Inc.; Nuclear Waste Management Consultants, Inc.; GRC Consultants, 
Inc; Hargis and Associates, Inc.; Southwest Research Institute; Asarco Mining Co., Inc.; 
Getchell Gold , Inc.; Petroplug, Inc.; U.S. DOE, J.S. Redpath. 
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CURRICULUM VITAE OF DR. GEORGE DANKO 
 
EDUCATION: 
 
Ph.D.  (Candidacy Degree in Technical Sciences), 1985, Hungarian Academy of 

Sciences.  Thesis: Measurement and Model-building for the Convective 
Heat Transfer Examinations. 

Dr. Tech. (Doctor's Degree in Fluid Dynamics), 1976, Department of Fluid Dynamics, 
University of Technology, Budapest.  Thesis: Matrix Analysis of Hydraulic 
Transients in Pipeline Flow. 

M.S.  Applied Math, 1975, Eotvos University of Sciences, Budapest 
M.S.  Mechanical Engineering, 1968, University of Technology, Budapest 
 
EMPLOYMENT HISTORY: 
7/95-present Professor, Mining Engineering Department, Mackay School of Mines, 

University of Nevada, Reno. 
8/90-6/95 Associate Professor, Mining Engineering Department, Mackay School of 

Mines, University of Nevada, Reno. 
09/87-8/90 Lecturer in Mechanical Engineering, College of Engineering, University of 

Nevada, Reno. 
11/86-8/90 Research Associate, Mining Engineering Department, Mackay School of 

Mines, University of Nevada, Reno. 
 
1/79-11/86 Associate Professor, Institute of Thermal Energy and Systems Engineering, 

University of Technology, Budapest. 
8/78-1/79 Visiting Postdoctoral Associate, Department of Mechanical Engineering, 

University of Minnesota. 
9/75-8/78 Fellow of Hungarian Academy of Sciences. 
8/68-9/75 Assistant Professor, Department of Mechanical Engineering, University of 

Technology, Budapest. 
 
Selected recent publications relevant to nuclear waste disposal: 
 
Danko, G., (1999), “In Situ REKA Probe Measurements at Yucca Mountain,” Proceedings, 

International Bureau of Mining Thermophysiscs, St. Petersburg, pp 1-12. 
Danko, G., (2000), “Coupled Convection-Diffusion Modeling with MULTIFLUX,” 

Proceedings of the International Symposium on Hydrogeology and the Environment, 
Wuhan, China, pp 26-31. 

G. Danko, D. Bahrami, (2001), “Ventilation Analysis of a Cold Conceptual Repository using 
MULTIFLUX with NUFT,” Proceedings, 9th International high-Level Radioactive 
Waste Management Conference , April 29th-May 3rd. 

G. Danko, D. Bahrami, and A. Adu-Acheampong,  (2001), “In Situ Thermophysical 
Properties Measurements Under Hydrothermal Disturbances at DST,” Proceedings, 9th 
International high-Level Radioactive Waste Management Conference , April 29th-May 
3rd. 
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G. Danko and D. Bahrami, (2002), “The Application of CFD to Ventilation Calculations at 
Yucca Mountain”, Proceedings, WM 02’ Conference, February 24-28, 2002, Tucson, 
AZ, Session 39B, Paper 12, Abs. 243, pp. 1-11. 

Danko, G., Shah, N., and Bahrami, D., (2002). "Evaluation of Lithophysal Conductivity, 
Diffusivity, and Porosity Measurements using the REKA Method," Proceedings, 
WM’ 02 Conference, February 24-28, Tucson, AZ. pp. 1-13. 

Danko, G., Jain, A., (2002). "Parameter Identification of a Numerical Transport Code," 
Proceedings, WM’ 02 Conference, February 24-28, Tucson, AZ. pp.1-7. 

Danko, G., and Bahrami, D., (2003). " Sensitivity Analysis of  Ventilation Parameters and 
Site Input Properties," Proceedings, 10th Int. High-Level Radioactive Waste Manage-
ment Conference, pp.1-8.   

Danko, G., and Bahrami, D., (2003). "Natural Ventilation of a Deep Geologic Nuclear 
Waste Storage Facility," Proceedings, 10th Int. High-Level Radioactive Waste 
Management Conference, pp.1-8. 

Danko, G., Shah, N., and Bahrami, D., (2003). "Monte Carlo Analysis of In Situ 
Lithophysal Properties Identification," Proceedings, 10th Int. High-Level Radioactive 
Waste Management Conference, pp.1-10. 

Danko, G., Shah, N., and Bahrami, D., (2003). "In Situ Thermophysical Properties 
Variation at DST, Yucca Mountain," Proceedings, 10th Int. High-Level Radioactive 
Waste Management Conference, pp.1-8. 

Danko, G., Bahrami, D., Leister, P., and Croise, J., (2003). "Temperature and Humidity 
Control for Underground Spent Fuel Storage," Proceedings, 10th Int. High-Level 
Radioactive Waste Management Conference, pp.1-8. 
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RODNEY C. EWING 

 
 Rod Ewing is a professor in the Department of Nuclear Engineering and Radiological 
Sciences at the University of Michigan, responsible for the program in radiation effects 
and nuclear waste management.   He also holds appointments in Geological Sciences and 
Materials Science & Engineering and is an Emeritus Regents' Professor at the University 
of New Mexico in the Department of Earth and Planetary Sciences, where he was a 
member of the faculty from 1974 to 1997 and chair of the department from 1979 to 1984. 
He is also an Adjungeret  Professor at the University of Aarhus in Denmark. 
 Ewing received a B.S. degree in geology from Texas Christian University (1968, 
summa cum laude) and M.S. (l972) and Ph.D. (l974, with distinction) degrees  in 
mineralogy from Stanford University where he held an NSF Fellowship.    His graduate 
studies focused on an esoteric group of minerals, metamict Nb-Ta-Ti oxides that are 
unusual because they have become amorphous due to radiation damage caused by the 
presence of radioactive elements (U and Th) and radionuclides in their decay series.  This 
radiation-induced phase transformation from a crystalline to amorphous (periodic-to-
aperiodic) structure can have significant effects on the properties of materials, such as the 
decreased durability of radioactive waste forms.  Over the past twenty years, the early 
study of these unusual minerals has blossomed into a broadly based research program on 
radiation effects in complex ceramic materials.  Such studies have lead to the 
development of techniques to predict and confirm the very long-term behavior of 
materials, such as those used in radioactive waste disposal.  The key to such studies has 
been the use of natural phases of great age in designing highly durable nuclear waste 
forms. Present research includes: radiation effects caused by heavy-particle interactions 
with crystalline materials (e.g., ion-beam modification of ceramics and minerals); the 
structure and crystal chemistry of complex Nb-Ta-Ti oxides; the crystal chemistry of 
actinide and fission product elements, the application of "natural analogues" to the 
evaluation of the long-term durability of radioactive waste forms and the release and 
transport of radionuclides;  the low-temperature corrosion of silicate glasses;  the 
neutronics and geochemistry of the natural nuclear reactors in Gabon, Africa.  The 
research has utilized a wide variety of solid-state characterization techniques, such as x-
ray diffraction, x-ray absorption spectroscopy and high-resolution electron microscopy.  
The work of the research group has been supported not only by U.S. funding agencies but 
also from sources abroad (Sweden, Germany, Australia and Japan, as well as by the 
European Union and NATO).  Ewing is the author or co-author of approximately 400 
research publications and the editor or co-editor of seven monographs, proceedings 
volumes or special issues of journals.  He was recently granted a patent for the 
development of a highly durable material for the immobilization of excess weapons 
plutonium.  He received a Guggenheim Fellowship in 2002. 
 Ewing is a fellow of the Geological Society of America and the Mineralogical 
Society of America and has served the Materials Research Society as a Councilor (1983-
1985; 1987-1989) and Secretary  (l985-l986). He was president  of the Mineralogical 
Society of America (2002) International Union of Materials Research Societies (1997-
1998) and the New Mexico Geological Society (1981).  He was a member of the Board 
of Directors of the Caswell Silver Foundation (l980-l984) and Energy, Exploration, 
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Education, Inc. (l979-l984).  He has served as a guest scientist or faculty member at 
Battelle Pacific Northwest Laboratories, Oak Ridge National Laboratory, the Hahn-
Meitner-Institut  in Berlin, the Department of Nuclear Engineering in the Technion 
University at Haifa, the Centre D'Etudes Nucléaires de Fontenay-Aux-Roses, 
Commissariat A L'Énergie Atomique in France, Charles University in Prague, the Japan 
Atomic Energy Research Institute, the Institut für Nukleare Entsorgungstechnik of the 
Kernforschungszentrum Karlsruhe, Aarhus University in Denmark, Mineralogical 
Institute of Tokyo University and the Khlopin Radium Institute in St. Petersburg, Russia.   

The involvement in issues related to nuclear waste disposal has proceeded in parallel 
with the basic research program most notably in association with the activities of the 
Materials Research Society where he has been a member of the program committee and the 
editor or associate editor for the proceedings volumes for the symposia on the "Scientific 
Basis for Nuclear Waste Management" held in Berlin-82, Boston-84, Stockholm-85, 
Berlin-88,  Strasbourg-91, Kyoto-1994, Boston-1998 and Sydney-2000.  He is co-editor of 
and a contributing author of Radioactive Waste Forms for the Future (published by North-
Holland Physics, Amsterdam, 1988).  Professor Ewing has served on National Research 
Council committees for the National Academy of Sciences that have reviewed the Waste 
Isolation Pilot Plant in New Mexico (1984 to 1996), the Remediation of Buried and Tank 
Wastes at Hanford, Washington and INEEL, Idaho (1992 to 1995), and the INEEL High-
Level Waste Alternative Treatments (1998-1999), as well as a subcommittee on WIPP for 
the Environmental Protection Agency's National Advisory Council on Environmental 
Policy and Technology (1992 to 1998). He has served as an invited expert to the Advisory 
Committee on Nuclear Waste of the Nuclear Regulatory Commission and a consultant to 
the Nuclear Waste Technology Review Board.  He is presently a member of the Board of 
Radioactive Waste Management of the National Research Council.  
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Dr. Detlef Appel  
 
Professional background 
Born 1943 
 
1965-1971  
study of geology at the University of Hannover, Lower Saxony, Germany, and the Uni-
versity of Vienna, Austria - diploma thesis on tectonical aspects of the Asse salt-structure 
in Lower Saxony (test site for radioactive waste disposal in West-Germany). 
1971-1983  
scientific employee: Institute of Geology and Paleontology of the University of Hannover 
- doctoral thesis on sedimentological questions of Upper Triassic sandstone formation in 
Lower Saxony. 
 
Since 1983  

freelancing consultant 

Numerous expert opinions / publications in applied (hydro)geology and methodology 
(mostly in cooperation with other authors):   

- selection, assessment and licensing of sites for final disposal of "conven-
tional" and radioactive waste, 
- risk assessment of (abandoned industrial) contaminated sites, 
- site-specific and conceptual groundwater and soil protection in 
environmental impact assessment, water and soil management and planning, 

Main clients: state authorities, regional/local water and environmental authorities, 
environmental NGOs (Greenpeace) and local environmental organizations. 
Advisory activity  

for German federal and state governments, environmental NGOs and local citizen action 
groups: 

- Advisory Board on "Questions of Nuclear Power Phase-Out" of the Lower 
Saxony Ministry of the Environment (1992-1998), 
- Committee on Site Selection Procedure of the Federal Ministry of the 
Environment, Nature Protection and Reactor-Safety (1999-2002), 
- Working Group Fuel and Waste Management of the German Commission 
on Reactor-Safety, 
- Radiation Protection Commission of BUND - Friends of the Earth, 
- Scientific Advisory Board of the Konrad Mine Working Group. 

International activities and cooperation  
 

- Swiss Expert Group on Disposal Concepts for Radioactive Waste,  
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- Cantonal Working Group Wellenberg (Advisory Board of the Canton 
Nidwalden on safety aspects of the formerly planned LWA/MAW repository, 
Switzerland; until September 2002), 
- Forum on Stakeholder Confidence (OECD/NEA), 
- EC-Project COWAM (Community Waste Management), 
 

Membership of scientific / professional associations  

- German Geological Society,  
- Society of Environmental Geosciences,  
- Engineering-Technical Association on Contaminated Sites,  
- Professional Society of German Geoscientists. 
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YURI V. DUBLYANSKY 
EDUCATION University of Perm, Russia: PhD (Candidate of Sciences) in Geosciences, 1987 

University of Odessa, Ukraine: M.S. in Geological Engineering and 
Hydrogeology, 1982 

WORK PLACE Fluid Inclusion Lab. Institute of Mineralogy and Petrography, Russian Academy 
of Sciences, Siberian Branch, since 1985 to present 

POSITION Senior Scientist  

WORK 
ADDRESS 

Russia, 630090, Novosibirsk, 3, Koptyuga Ave. IM&P SB RAS 
Phone: +8-913-920-5263 (cel); FAX: +7-3832-332792  
e-mail: kyoto_yuri@hotmail.com 

SPECIALIZATION 
AND FIELD OF 
INTEREST 

Geological disposal of nuclear waste; low temperature hydrothermal processes; 
fluid inclusions, isotope geochemistry. Analysis of the scientific and regulatory 
issues related to the geological disposal of the high-level nuclear waste. 

LANGUAGES English (fluent) and French (somewhat rusty) 

PROFESSIONAL EXPERIENCE 

2002 By request of the State of Nevada Attorney General Office, with the group of co-authors 
from USA, UK and Russia, writing a scientific monograph, providing independent 
evaluation of the suitability of the U.S. proposed site for geological disposal of the high-
level nuclear waste at Yucca Mountain, Nevada. Monograph will be used by the State of 
Nevada as part of legal deposition in the forthcoming litigations, court hearings and 
licensing proceedings related to the Yucca Mountain high-level nuclear waste disposal 
site. 

1999-2001 Official representative of the State of Nevada in the three-lateral (U.S. Department of 
Energy, State of Nevada and University of Nevada) research project on the paleo-
hydrology of the proposed geological disposal site for the high-level nuclear waste at 
Yucca Mountain, Nevada. In this capacity testified before the presidential Nuclear Waste 
Technical Review Board and before the Advisory Committee on Nuclear Waste of the 
U.S. Nuclear Regulatory Commission. 

Scientific leader and manager of the research project commissioned by the Government 
of the State of Nevada studying critical issues of the geological suitability of the proposed 
high-level nuclear waste site in Nevada.  

1997 - 1998 Served as an expert to TACIS (a EC program), assessing geological issues of the nuclear 
waste disposal in the Northwest Russia. Performed critical evaluation of the concept of 
the nuclear waste disposal in permafrost on the Novaya Zemlia archipelago. 

1994 - 1998 Consulting the State of Nevada's Nuclear Waste Project Office and the Attorney General 
Office on the issues of the geological suitability of the high-level nuclear waste repository 
at Yucca Mountain. Submitted 19 technical reports.  

1993 - 1994 International Scientific Fellowship Award from NSERC, Canada, taken up at McMaster 
University, Hamilton, Ontario, Canada. Fluid inclusion and stable isotope geochemistry 
research. 
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1992 - 1993 Consulting the Hungarian National Authority for Nature Conservation on fossil 
hydrothermal systems and caves in Budapest and the Transdanubian Range.  

 

RECENT PROFESSIONAL PUBLICATIONS PERTINENT TO THE NUCLEAR 
WASTE DISPOSAL 

1. Dublyansky Y.V., Smirnov, S.Z., and Pashenko S.E. 2003 Identification of the deep-
seated component in paleo fluids circulated through a potential nuclear waste disposal 
site: Yucca Mountain, Nevada, USA. Journal of Geochemical Exploration, 4013, pp. 
1-5. (In press) 

2. Dublyansky, Y., Ford, D., and Reutski, V. 2001 Traces of epigenetic hydrothermal 
activity at Yucca Mountain, Nevada: preliminary data on the fluid inclusion and stable 
isotope evidence. Chemical Geology. 173, pp. 125-149. 

3. Dublyansky, Y. 2001 Paleohydrogeology of Yucca Mountain by Fluid Inclusions and 
Stable Isotopes. Proc. Int. Con., Amer. Nucl. Soc. “High-Level Radioactive Waste 
Management”. La Grande Park, Illinois. CD ROM 

4. Dublyansky, Y., Szymanski, J., Chepizhko, A., Lapin, B., and Reutski, V. 1999 
Paleohydrogeology of Yucca Mountain (Nevada, USA): Key to the Site Suitability 
Assessment for Planed Nuclear Waste Repository. Geoecology. 1, pp. 77-87. (In 
Russian) 

5. Dublyansky, Y., Szymanski, J., Chepizhko, A., Lapin, B. and Reutski, V. 1998 
Geological History of Yucca Mountain (Nevada) and the Problem of a High-Level 
Nuclear Waste Repository. Defence Nuclear Waste Disposal in Russia. NATO Series. 
Kluwer Academic Publishers, The Netherlands. pp. 279-292. 

6. Hill, C., Dublyansky, Y., Harmon, R., and Schluter, C. 1995 Overview of 
calcite/opal deposits at or near the proposed high-level nuclear waste site, Yucca 
Mountain, Nevada: pedogenic, hypogene, or both? Environmental Geology, 26(1), 
pp. 69-88. 
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Prof. Dr. Gerhard Jentzsch    Institute for Geosciences, 
University of Jena  
Born in 1946 in Taucha near Leipzig, Germany 
 
Education: 

Habilitation for Geophysics, Free University of Berlin, 1985, Institute for 
Geophysical Sciences, Free University of Berlin. 

Doctoral examination, Technical University of Clausthal, Germany, 1976, from 
Faculty for Geosciences, Institute for Geophysics. 

Exam (Diploma) in Geophysics, 1972, same institute. 
Current Employment: 

1996-present: Full Professor for Applied Geophysics at the Institute for 
Geosciences of the University of Jena 
Professional Societies: 
German Geophysical Society (currently President of this society), Geologische 
Vereinigung, European Geophysical Union, American Geophysical Union 
Employment history: 
1990 - 1996: Professor for General Geophysics at the Institute for Geophysics, 
Technical University of Clausthal. 
1987 – 1990: Professor for Applied Geophysics (Angewandte Geophysik) at the 
Geological Institute of the University of Bonn. 
1977 – 1987: Assistant at the Institute for Geophysical Sciences, Free University 
of Berlin, Assistence Professor (Hochschulassistent) 
1972 – 1977: scientific co-worker of Prof. Dr. O. Rosenbach, Institute for 
Geophysics 
Consulting Experience, 1990 – present: 
Seismic hazard assessment for the sites of different nuclear power plants and 
nuclear industry in Germany, in the form of: 
- check of reports  
- own calculations 
- member of advisory board 
1999 – 2002 Member of the German siting committee to develop a procedure 
for the search for a site of the German nuclear repository (appointed by the 
German Federal Ministry of the Environment) 
1993 – 1998 Member Advisory Board for the Termination of Nuclear Energy 
Use (Provincial Ministry for the Environment of Lower Saxony)   
Additional information: 
Research Interests: deformation and seismology (Earth tides, global dynamics, 
seismological network in East-Thuringia, Geodynamic Observatory Moxa), 
seismic hazard assessment, physical volcanology 
Publications:  more than 40 papers during the past 5 years; 15 of them in 
reviewed journals 
National and international activities: 
Chairman of working groups (IAG), convenor of special sessions (EGS Meetings, 
Earthtide Symposium, national meetings), reviewer for the German Research Soc. 
and different scientific journals 



 70

Currently:  President of the German Geophysical Society 
 
Publications relating to seismicity / deformation and nuclear waste repository: 
 
1. Nuclear waste repositories: 

AKEnd: Arbeitskreis Auswahlverfahren Endlagerstandorte des BMU, 2000. 
1. Zwischenbericht, Stand: Juni 2000. Bundesministerium für Umwelt, 
Naturschutz und Reaktorsicherheit (BMU), Referat RS III 4 (A), 54 S.  First 
intermediate report. 
Bräuer, V. und G. Jentzsch, 2001. Abgrenzung von Gebieten mit offensichtlich 
ungünstigen geologischen Verhältnissen. Bericht an den AkEnd. Separation of 
areas with obvious unfavourable geological conditions. 
Jentzsch, G., 2001. Vulkanische Gefährdung in Deutschland. Bericht an den 
AkEnd. Volcanic hazard in Germany. 
AKEnd: Arbeitskreis Auswahlverfahren Endlagerstandorte des BMU, 2001. 
2. Zwischenbericht – Stand der Diskussion. Bundesministerium für Umwelt, 
Naturschutz und Reaktorsicherheit (BMU), Referat RS III 4 (A), 179 S. Second 
intermediate report. 
Appel, D., V. Bräuer, G. Jentzsch und K.-H. Lux, 2002. Geowissenschaftliche 
Kriterien zur Endlagerstandortsuche für radioaktive Abfälle – Ergebnisse des 
Arbeitskreises Auswahlverfahren Endlagerstandorte. Z. Angew. Geol, 2/2002, 40 
– 47. Geoscientific criteria for the seek of a repository for radioactive waste – 
results of the AkEnd. 
AKEnd: Arbeitskreis Auswahlverfahren Endlagerstandorte des BMU, 2002. 
Auswahlverfahren für Endlagerstandorte – Empfehlungen des 
AkEnd. Abschlussbericht, Bundesministerium für Umwelt, Naturschutz und 
Reaktorsicherheit (BMU), Referat RS III 4 (A), 260 S.  Final report. 
Jentzsch, G., 2002. Temperaturverträglichkeit der Gesteine - Neigung zur 
Ausbildung von Wasserwegsamkeiten. Bericht an den AkEnd. Temperature 
acceptance of rocks – tendency to open transport paths for fluids. 
 

2. Seismology and deformation 
Kracke, D., R. Heinrich, G. Jentzsch, and D. Kaiser, 2000. Seismic Hazard 
assessment of the East Thuringian Region / Germany – case study. Studia 
Geophysica et Geodaetica, 44/4, 537 – 548. 
Kracke, D., R. Heinrich, A. Hemmann, G. Jentzsch, and A. Ziegert, 2000. The 
East Thuringia Seismic Network. Studia Geophysica et Geodaetica, 44/4, 594 – 
601.  
Hemmann, A., T. Meier, G. Jentzsch and A. Ziegert, 2000. A similarity of wave-
forms at stations Moxa and Plauen for the 1985/86 swarm. Studia Geophysica et 
Geodaetica, 44/4, 602 – 607.  
Kroner, C., T. Jahr, G. Jentzsch, W. Zürn, R. Widmer-Schniedrig, and B. Heck, 
2000. BFO and Moxa: Two observatories for seismological broadband 
observations. Orfeus Newsletter, Dez. 2000, Vol. 2, No. 3. 
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Jahr, T., Jentzsch, G., Kroner, C., 2001. The Geodynamic observatory Moxa / 
Germany: Instrumentation and purposes. Proc. 14th International Symposium on 
Earth Tides, Special Issue J. Geodetic Soc. of Japan, 47/1, 34  – 39. 
Ishii, H., Jentzsch, G., Graupner, S., Nakao, S., Ramatschi, M. and Weise, A., 
2001. Observatory Nokogiriyama / Japan: Comparison of different tiltmeters. 
Proc. 14th International Symposium on Earth Tides, Special Issue J. Geodetic 
Soc. of Japan, 47/1, 155 – 160. 
Jentzsch, G., Malischewsky, P., Zaddro, M., Braitenberg, C., Latynina, A., 
Bojarsky, E., Verbytzkyy, T., Tikhomirov, A. and Kurskeev, A., 2001. Relations 
between different geodynamic parameters and seismicity in areas of high and low 
seismic hazards. Proc. 14th International Symposium on Earth Tides, Special 
Issue J. Geodetic Soc. of Japan, 47/1, 82 – 87. 
Gutdeutsch, R., D. Kaiser, and G. Jentzsch, 2002. Estimation of earthquake 
magnitudes from epicentral intensities and other focal parameters in Central and 
Southern Europe. Geophys. J. Int., 151(3), 824 - 834. 
Jentzsch, G. S. Graupner, A. Weise, H. Ishii, and S. Nakao, 2002. Environmental 
effects in tilt data of Nokogiriyama Observatory (extended abstract). Bulletin 
d'Information Marees Terrestres, 137, 10931 - 10936. 
Jentzsch, G., M. Korn, and A. Špičák (eds.), 2003. The swarm earthquakes in the 
area Vogtland / NW-Bohemia: Interaction of tectonic stress and fluid migration in 
a magmatic environment. Special Issue J. Geodyn., 35, 1 / 2, 258 p. 
Jentzsch, G., M. Korn, and A. Špičák, 2003. Editorial. In: Jentzsch, G., M. Korn, 
and A. Špičák (eds.): The swarm earthquakes in the area Vogtland / NW-
Bohemia: Interaction of tectonic stress and fluid migration in a magmatic 
environment. Special Issue J. Geodyn., 35, 1 / 2, 1 -3. 
Kurz, J., T. Jahr und G. Jentzsch, 2003. Geodynamic modelling of the recent 
stress and strain field in the Vogtland swarm earthquake area using the finite-
element method. In: Jentzsch, G., M. Korn, and A. Špičák (eds.): The swarm 
earthquakes in the area Vogtland / NW-Bohemia: Interaction of tectonic stress 
and fluid migration in a magmatic environment. Special Issue J. Geodyn., 35, 1 / 
2, 247 – 258. 
Hemmann, A., T. Meier, G. Jentzsch, and A. Ziegert, 2003. Similarity of 
waveforms and relative relocation of the earthquake swarm 1997/98 near Werdau. 
In: Jentzsch, G., M. Korn, and A. Špičák (eds.): The swarm earthquakes in the 
area Vogtland / NW-Bohemia: Interaction of tectonic stress and fluid migration in 
a magmatic environment. Special Issue J. Geodyn., 35, 1 / 2, 191 – 208. 
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Curriculum Vita of Mike Thorne 

 
Qualifications PhD FSRP 

KEY SKILLS 

• Radiological protection 
• Assessing the radiological safety of disposal of radioactive wastes 
• Distribution and transport of radionuclides in the environment 
• Expert elicitation procedures 
• Probabilistic safety studies 
• Development of safety criteria 
• Pharmacodynamics 
CAREER HISTORY 
2001- Mike Thorne and Associates Limited 

 

Review Studies for the Proposed Australian National Radioactive Waste 
Repository 

Client – RWE NUKEM 
Reviews of reports on animal transfer factors and of the potential effects of climate 
change on the repository plus development of a model for the biokinetics of the 226Ra 
decay chain in grazing animals. 

Support for development of the Drigg Post-closure Radiological Safety 
Assessment 

Client - BNFL 
 
  Support in the areas of FEP analysis, biosphere characterisation, human 

intrusion assessment and the effects of natural disruptive events.  In 
addition, provision of advice of future research initiatives that should be 
pursued by BNFL. 

   
  Co-ordination of biosphere research and participation in BIOCLIM 
  Client – UK Nirex Ltd 
 
 Review of Parameter Values:  Review of biosphere parameter 

values for use in the ANDRA assessment model AQUABIOS. 
 
 Effects of Radiation on Organisms Other Than Man 
 Client: Study for ANDRA to identify appropriate indicator organisms and 

develop appropriate dosimetry and effects models for those organisms. 
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 Evaluation of Unusual Pathways for Radionuclide Transport from 
Nuclear Installations 

 Client – Environment Agency 
 
 Review of literature and conduct of formal elicitation meetings to 

determine potential pathways and evaluate their radiological significance. 

 
Support Studies on the Drigg Post-closure Performance Assessment 

 Client - BNFL 
 Biosphere Research Co-ordination and Assessment Studies 
 Client - United Kingdom Nirex Ltd 
 
 Continuation of a programme of work originally undertaken at Electrowatt 

Engineering (UK) Ltd 
 
 Site Investigation and Risk Assessment - Hilsea Lines 
 Client - Portsmouth City Council 
 Radiological assessment of a radium-contaminated site. 

PROFESSIONAL ACTIVITIES AND MEMBERSHIP 

• Fellow of the Society for Radiological Protection and Immediate Past President 
• Member of the Eco-ethics International Union 
• Visiting Fellow at the Climatic Research Unit, University of East Anglia 

SELECTION OF PUBLICATIONS 

The biosphere in post-closure radiological safety assessments of solid radioactive waste 
disposal, M C Thorne, Interdisciplinary Science Reviews, Vol. 23, 258-268, 1998. 

Modelling radionuclide distribution and transport in the environment, K M Thiessen, M 
C Thorne, P R Maul, G Prohl and H S Wheater, Environmental Pollution, 100, 151-177, 
1999. 

Validation of a physically based catchment model for application in post-closure 
radiological safety assessments of deep geological repositories for solid radioactive 
wastes, M C Thorne, P Degnan, J Ewen and G Parkin, Journal of Radiological Protection, 
20(4), 403-421, 2000. 

Development of a solution method for the differential equations arising in the biosphere 
module of the BNFL suite of codes MONDRIAN, M M R Williams, M C Thorne, J G 
Thomson and A Paulley, Annals of Nuclear Energy, 29, 1019-1039, 2002. 

Modelling sequential BIOsphere Systems under CLIMate change for radioactive waste 
disposal.  Project BIOCLIM, D Texier, P Degnan, M F Loutre, D Paillard and M Thorne, 
Proceedings of the 10th International High-level Radioactive Waste Management 
Conference (IHLRWM), March 30th – April 2nd, Las Vegas, Nevada. 
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